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(54) DIELECTRIC FILM AND FORMING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dielectric film 
as well as its forming method which comprises a Ce02 
film of high crystallinity without formation of an Si02 
layer double domain. 

SOLUTION: An Mg layer 22 of and a Ce layer 23 of a 
single crystal are formed continuously on an Si substrate 
21, and then 02 molecule 24 is supplied on the Ce layer 
23. The Ce of Ce layer 23 is oxidized to form a Ce02 
layer 25, while a part or the entire of Mg layer 22 is 
oxidized to form an MgO layer 26. Also Mg, Bi and Zr, 
etc., may also be used. Since a metallic material film is 
formed on a semiconductor layer such as Si substrate, a 
material for constituting a semiconductor layer, such as 
a silicon oxide film, is tends to be difficult to formed, so 
a dielectric film with a large capacitance per unit area, 
which comprises a base material layer such as MgO 
layer with high dielectric constant as well as crystalline 
Ce02 layer, is provided. With the sufficient thickness of 
a dielectric film, leakages are reduced and breakdown 
strength is improved. 
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e 0 2 l^£r{fi;LTl>6 0 

[0 0 3 5] dftlcj;'), ^»»»o±lci/y a^SMb 
i&ttC e 0 2 I^l;tf¥fiia^^ 0 (7)^S^iC^V^ 

[00 3 6] ±1B* 1 <ORm<*ISI-:fcV>T, ±ET*i 

v\ 

[0 0 3 7] *%W^2(DRm«:K«, «*tt*»* 

[00 3 8] nttl^«tD. J: <th 

<&ift^C e 0 2 JB JS«ft:BtdS#e>tL 

[0 0 3 9] 3^1Mli, JSfttt*»f*: 

Jitf>Jblw*fiR§*U ±»¥#ft:B<o±B^*5V^rJi1B^ 

[0040] ^mwm^m&mm^m-r^ 
[oo4i] ±mmi-ms(Dmm,^m\^^^x, ±ie 

Tii^Mt54IWlt> Mg, Zr, YROTi 

[004 2] *mW<Dm 4 ^glMl^, *£ifitt¥»tt 
B<0-hK:»fifcSft> Mg, Zr, Y, CeWBiC5 

[0043] v/DayiWkit^^i* 

[0 0 4 4] ±IS^4co^m^lKlc:^v^T, ±ET«i 
[004 5] *&W<om 5 (OSI«»JK«. «Att¥*« 
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[oo4 6] cmc^t), *m&m z> 
[0047] ±mms<Dmm,»m^^^x. ±^rmm 

Zffif&i-Z>&m$m\*. Mg, Zr, Y, CeMBi 

<o b V>ft < k h^^Tti^ i o^sitfHs c t t>m& 

LV\ 10 

[0 04 8] &&w<Dm i <Dmmi£m<DMf$ l xm'±, & 
m *Mf£i- h k mm t <Dm^ x d t jbs v 

lttfto^?,45T*BS:^*t5I8 (b) ± 
IBTiftJl^iilCC eiWtail (c) k, ±iac 
eS^-b*d^K*Sr«l&LT. 'M<HCe0 2 8 
Sr*«t5Ig (d) £*r&A,T^6 0 
[0 0 4 9] ;i<0#ifcU:«fc?K ^{Wtt^lMtBl^ra 

[0050] ±iBfs i <Dffimfcm<omi&j?mz&\,^x, 

±ISxa (d) t»fl, JifET«Ji<&d>ft< 

[0 0 5 1] _MBfB 1 ^K«^^^*fe^C*5V^T, 
_t1SXa (b) ~ (d) tt, jBflSJC£0>^tf**v'lrA' 

[0 0 5 2] ±1BJB 1 <0««{ti«<©»/a:fr»te:^-C, 30 

±flaia (b) at/ (c) EBDmmm&m*m^ 

[0 0 5 3] ±IEJB 1 
±ISX^ (b) "Cfi, Mg, Zr, YMBi^H'> 

5 TifcJl SrjeriW 3 - £ Lv \ 
[0 0 5 4] **M^jB2^RK«cBt©«fiK*ifeW:. 
^^I^tt5SK^ift6Ig (a) fc, ± 

»fiM**XS (b) ±IET»«^±*j6^»*St« 40 

itrnztefSL-tz^M (c) ±EAwwk»<o±^s* 

W«#S X& (d) £«rgX-0V>£ o 

[0 0 5 5] £*>*«felwJ:tK ¥*{WttaiMHR<B?g 

[0 0 5 6] ±EfB2WR««c|K(OJ»J5K*jSfeJw*5V>X. 
±IEXS (c) ±ISXm (d) ^*5ltS3*tt«#JB 50 
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«r»J«-*-5fc«)©»*©ttj»*fiJ«ur, Ig (d) ^ 

[0 0 5 7] ±KIB 2 OR«f*:lBlOJBfiK*ftlC*5V^-C. 
±l5Xg (b) X«\ Mg, Z r , Y, Ce^B i <0 

[0058] *«n<0 # 3 <nmm&m<oM&x&^ m 
nig (b) ±mmmtM<o±iz&m&ft<ofrfr 

b4ST«*t»*t6ia (c) fc, _t1&TJftJB*>± 

IWbLXA«IWtJI«:**+6X« (d) ±1B&H 
aWk«0±^MR«#»*:*dJ-*-6Xa (e) k^h 

[0 0 5 9] effete J; 9. ¥*ftti*fcC3MZ>J:^ 

[oo6o] 3 <Dffinftm<Dj&f&jfmz&\*x, 
-mbx& (c) ±iaxg (d) \z&rtz>%mmwm 
&Mf&^ztcfr<?)mm<Dm£&mmLx, ig <d) t 
mmzftt£?zk&x%z> 0 
[oo6i] ±mm 3 (offinftm<ni&f&j>mzte^x^ 

JtlEX^ ( c ) r^i, M g , Z r , Y, C e Rt/B i <D 

d> b ^ Tifig ^JKfiJc-t- 5 £ k UV \ 

[0 0 6 2] 

[00 6 3] Bltt, ^B^O^^^XfflV^fcMB 
^(D^^tK^^I 6 Ce0 2 

fcfe^l, l2WEB»K^I17a, 17b 

•>t^-iia, 1 1 b k. m^$si s^(omm 

iI^T*fc5SSl 4^^f5#(tT. MBEMXW 
ttSrfi 1 *^ <t 5(-«ric$JxTV^c Il^)EB 
jtWfttKXKB Halt MCel8a SrfiWr^-S t k 
tCMC e 1 8 a CliFS (Electron Beam : E 

b) ^mitn^x^m-r^tbtommi 9 a &<i;i-o> 

6 0 »2c^)EB*afl8^SIBl 7 bfcfc, ^Ce<bfi^ 
*64k«t**H 8 b (WtlfMg, Bi, Zr, Yfe 
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#EBiD»*3B3£«l 7 a. 17bll '>t^-H 
a, 1 1 b©J(Hfl:J:oTV**5^i«iZ)Ce, 4 

[0 0 6 4] ftj8, JBlOEBAliR«%»Bl 7 a C0« 
« 1 9 a (C&^T&JRC e 1 8 a &m&m$1rZ>&ft 

(C) (Cu) T?tt*<, (W) ^ 

D^fy (Mo) (Ta) ftifd^o 

®!?T*&5o CuOEtolOOOtldfT^oT, C 
e<7)fi*,£tw*tLT 10 0-20 0^ L^&^&^CD 

0 O^ttf^^: D i^VN^. Ce^MWm 

i^c#>, i o o o WT^-.fyK e t^ftm 

UTK<k**»fi8 U«il9a as**LT b£ 5 *5-fc*x 
^*>6 P -£*Uw*fLT. W, Mo, Tatt. -tti-wi* 

kxi^:: c e oiK^f+ieoffitattiiB-cttM*^ 20 

3 0 **** JR2<?5EBiDiR3K«»«l 7 b 0«Hf» 1 9 b 
fcfeM+SAMWfl-l 8 b SrK«fi«r+-6«^ov^t 

[0 0 6 5] -£LT\ v'tJ'^-lla, 11 b^flfl 

3«CEB*Pj»3R*3S1Sl 7 a, 17b£#fcl 
KigJgKKjK, a>o, MCel8a ^ftJRtt-W 18bt 

^(rte-^oy — ^ h£l X 1 o~ 5 cc/sec. ^Ti- 
[0 0 6 6] *Miit*HMC el8ai:4 

8 b fc*ttl&+&fc«>JwEBiDjl!l*»K»Sr« 40 

fia-ettRftffi^Js^Wft-e^SMg^B i £0 

(K-ir;w) ^V^TtJ:l\ 
[0 0 6 7] MBE^«B^oV>TRIB-f-6o M 

BE3S«l*il*, 1 6(rJ:oX««F#»$ixX 

**SH+i£<0»!feW# ct E B APiR&%£fB 17a, 1 
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^MtfMffi^tCel^SrS^l 3rt^«|&+ 

&Ce0 2 WKS:*fifc"t*Ci:^T?*S 0 
[0 0 6 8] — ^r, te«l3SifeT?fc5Sfil 4*1, «T^> 

&o\zmmztiz> 0 s istg^irLocos^ 

jbTk^ (HF) *2MbT (NH 4 F) £^tP 

«£ 5 S« 1 4 co^ffi^*^ (H) «^r<t*i^S i o 
2 7*^7 7 ^11- J: o r«fcftrv ><5 0 *IUGBttK: 
*5VvCW\ S i£t£2 l<£>£ffite (0 0 1) ffi"C*>6 
d*. (111) ffi^te<0iK#c<0ffi#tfc. *>*i^ra>**ie> 

TtJ:V\ ^LT, MBE^BF^T*S^1 4^1 0 O^C 

1 473S#M<**VC8 0 Ot- 9 0 OTCtw^^ix^o £ 
£>B#, S«l 4 0^®£*goT^cHM^ J ^?l^S i O 

2 7^7r^itlllliU Sffin^-ms 

tm^mm 1 3*l-gW£*L£o 
[0069] g)2 (a) - (c) «\ ^SUfc^tBl^tf 

z&m&ftx&ZMgk. ce t&s i&m±\zmmis 

ztit>&mkl>X. Ce0 2 m&Mf&1rZ > W&i& 
[00 7 0] El 1 Ul^-ttfS 2 E BftPfR&X&S 17b, 

tB i e Bumm&mwt 1 7 a *ri«ftf^«i*-frT, 

|sfTfe6Mg^Ce^Ml 3^[^t6i:, B 
2 (a) KiSH-J; 5 fc, S i 3E« 2 lJHc*ix*n*JB 
^0COM 6 ^2 2, Cel2 3^UM^o M 
g|22, Cef2 3<£>J¥S«\ V^ixt> S i St£ 2 1 

ottAttT-oflMSfe ±jj\z&mx$ £ IS 4T+»*i > - t 

frmmiZo AfM&fcua, Mgi22, c e 112301? 
[0071] ^(Dm, m 1 iw^-f^^^^v^ 1 5 a*Hj;&> 

C e^2 3O_blc:02 2 4dS^$HS 0 

:^0 2 ^2 4 (XteJ^T-) te. Si\ CeJi23^ 

e!23WCe ^^k^tlTC e0 2 l2 S^^^ix 
60 0 2 »^2 4Jci:5iWb****"Cfi l 4fo'flJ: % B 
2 (b) IC^-rc^<, Ce0 2 i2 5W^tl 
a^S^0 2 ^2 40MMM#t6CH^ 

[0 0 7 2] L,a*LfcflS?> % HlgOlgtlt, Ce0 2 

S2 5^^o»iS&tt^B6Cfc^(^l:^ia*J(cff5co 

*HttttT?*>*. M^tCe0 2 i2 5|10 

2 ^2 4 S-tir^V^ttlfj&Sfcfto 
^ H12 (c) i^+J: Ce0 2 i2 5c7)STi- 

fc6MgS2 2^Mg t>K<t;$ttr, MgO§26^ 
M$H6 0 Mg|l»i^(DgWsiJ:r) 
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>bii5<, ^o, S-frlw<i\ *<Dtctf>\z^ s 

S i S«2 lOSffi^K^bStlXS i 0 2 * s * 

[0 0 7 3] #*lfi»tB^**«fe^J:Sfc. *i\ s 

1 S4S 2 1 ^jg^Witlwtfto fce**iSS:tt6M g je 

2 2&tJ«Cel2 3S:jfelcMLT^ 0 2 ^2 4 
^«ltCe0 2 12 5&?fc/£-r60T\ Ce0 2 l 
25tS iI«2 1^»g«of:gMMtl 
•ova. *HJfi«lB^«. S i Sfi2 1 t LT (0 0 10 
1) s i iK4fflv^v>5^ fi»*HSAtt4r*i- a 

(0 0 1) Ce0 2 R2 5«fi8$tt6o t-CI-SML 

e tfiffltif * tt a tr * ^ > ^ 

*lT*ofc»&lwtt, Ce0 2 *Sft<B (0 11) ®T*<7) 

<D£y\Z-, 9c\^ (0 0 1) S i S«eDSteS«3gtdttfeo^ 
Ceg2 3^MUfcmi ^^Ceg23*(Z)C 

e^btxt), Eli 2\Z7jk't£5te#m<o#*m\zc 

em+tOESL* (0 11) Ce0 2 W 20 

*£§ftac£dSftt\> o*D, *H^®I-J:t)> 
/1/H*>f ^Ofcl>iK^I6*tt*:*+a (0 0 1) CeO 
2 Rd^ttSC e0 2 i2 5 i^mf&-t~ ZZ.b&X~ 

#a<, -ttet>*>. m i s^?©y- httUfc it 

F e RAMft^li:*3lt6»R*<M^y 7 7 «i: 

L-ctfflv^a-tds-csaitBW^iKv^ (fa 2 9) , 

^o, *gfitt^A»ftCe0 2 JB«r#a-fc^T*fta o 
[0 0 7 4] C eg 2 3<E>T*WkJR«£ tt, tt 

*Sriijg*^<V^MgJi2 2S:»fi^L■CV^a^"C. S 
iIS2 1 <DWtik\z£oXttmm*to'h£^S i0 2 I 30 

ot««*«&3. 9) «$neo$:WJt^c^^ 

LTt>fflv^aci:d5-t?#aitRB*oiSv> (fa 9. 

7) , ^o, JgS^SSf^MgOSSr^ar k&XZ 

a Q 

[0 0 7 5] *HJfi«ttl-*5V^Tf±, S i SS2 

1 £ L"C (0 0 1) Si g^SriBV^ S i St£2 1<£> 
±{d (001) Ce0 2 K^^6Ce0 2 g25^ 
«t6i^S:fll^otR!8U^s SiSS2ia 40 
T (ill) S ilfiSrfflv^tiv^, *^»&lwtt s 
Si (111) Sffi-tl- (111) Ce0 2 Bt^jgfigS 

ixa^tiw/xa. 

[0 0 7 6] (JB 2 ^^ffi^ffi) 2 

jgw^^w^-rafc^o^edr l-cei 1 fc^i-EBipa& 

(K — tr/vO £/f^-Ct> £v\ 50 
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[0 0 7 7] fcld, #HJfc»«fc*3tf-aC e 0 2 R<&» 

fig*fe(ciov>-c»W-t-ao MBEjfcfifcjfe&ts iSfi 
*r*«li-a*l«tt. ±15mi^*J6^ffi"ClftWUfct*3 

[0078] 133 (a) - (c) 12, *^Jfi»ffi(C*3«t 
a^JSW^T'fcaB i fc. Ce iSfiinaiL 
rftfcSrKfbLT. Ce0 2 BI*»J*i-aiBS«: 

R9H-afc«><&is*T?fca 0 

[0 0 7 9] (9 1 IC^-TM 2 E B ftniKtiK95»K 17b, 
ilE BftPiRaK9&3£B 17a ^IH^f^K^^rX. 
ftl?*)5B i*Ce«:K$t»l 3rti:*»t5t, IS 

3 (a) fc»i-J:5fc* S i Sfi 2 l ±fc*ft*M«S 

i&<DBi/l2 8, Cel2 3^i)gltM^^o B 
ig28, C eg 2 3<DJ?£te. l>-f*lfcS i £fi 2 1 

t>m*tlZo Bii28, Cel2 30f 

Stt. 5 A (41^-1) «T-e*>aci:^»4uv\ 
[0080] ^co^ N m i ^^/W i 5 j&sh)j&» 
*ia<b. Cel2 3^)±l:o 2 4>^2 4dsWJ&*na 0 

:oo 2 ^2 4 (xnm*) cei23^ 
ic«aiLTt£»-f-a<o-c. ^ 3 < b > ^*"*"«t 9 [Z. % c 

e!23(Z)C edW^tC e0 2 i2 5&M&£tl 

a 0 o 2 j>*2 4fcj:aiWt;*r***'<?frftb-r^ (§1 

3 (b) \Z7jk-fZ:k<, Ce0 2 l2 5WM$tl 

a*£ffiico 2 ^2 4^#&s«r»ji»-raw^t>wigT* 
&a<> 

[0 0 8 1] L^L/«C^e>> HBROXgT?W\ Ce0 2 

§25 d^^KS&JttKC^fet^bfciBWicifT 5 

3&S— ««n?S>a o M$iltCe0 2 l2 5ltO 

2 fr*2 4Sr^*lciijBS^f v^tt«ds*>a 0 

19 3 (c) l^-TJ;5lw. C e 0 2 12 5(£>iETl- 

fcaB i§2 8"t»^#xr±— »«>b i tSMtsna. 
b i^iHbsna*iBfcr423s?)^*i»*sb 

a e 

[0 0 8 2] lo««XU Bi^i^^JSt 
ai^X^oX, Ctf^-g^lSB i 2 0 3 fcM&Ztl 

a Q ::x\ B i temmk<nmfQ&&s i J: 9 ti«<, 

1 co^®^ "C»iR3asai*-r a c t t hb*>v #i\ 
s i mWL2 i *>*ffiasBMb§jh/rs i o 2 

[0083] 5 l oco«fflr*li. B i t>mm 

(O) , Si ^^iESt6i^X^oX, CO«r^ 
(dtt. 19 3 (c) £ 5 SiWb'&tto* D B i 

2 SiOg <^JBfiff^5>*aB i 2 Si0 5 i2 9^ 
^^na o B i 2 S i 0 5 {i, Si0 2 Si 

a o CWB i 2 Si0 5 ^«Sfl|Sg«tfir^ft-Cfc?). ^ 
-f^vK5i^«^X*fcas i*3SffiO«a§i:*ilLX 
V^a o l/^ofcA/Bil, Cef^MlX^ 
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K^bs i mm<Dmwtmt>m2&AstLvtmx*B i 2 s i 
o 5 <ni&&&i£&-rz>o B i 2 S i0 5 

M2 9»:tT;£i-^jSSbT^j#£*i6 0 ^eux. sio 

2 ^i^^i^^v^i:#xr t tv^ ££>^ Bil28^ 
Mf&£tltcb%\^ Bil28tSiS«21t^iH 

V v^jK^ K) W^HT^ 19 . #ffiWffi«KSr 3 x 

[0 0 8 4] J£JL±<£>2ii*)OB i 1 2 8 tf>BMfcJ&ffira\ 10 

Xfc£„ 

[0 0 8 5] #*l«i©»**ttlcJ:«i, S 

ii«2i (ojB4«3g^«ofejie«»jt S B i Ji 

2 8MCel2 3^Mlt^t), 0 2 ^2 4 
$:Mt"CC e 0 2 12 5 Ce0 2 i 
25tSiIS21 <7)^r B ^3ti-^ofcjgf e ^it^W U 
TV^6o *HJfi^1B"ett. s i m&2 1 t UT (0 0 
l) SiiSfiSrfflv^v^w-c, A»**S*ttft^rf5 20 
(0 0 1) Ce0 2 fltfc6Ce0 2 l2 5«^ 

tf ^^^-^yVfi8*SrfT*ofc»&^W:, Ce0 2 ISA a 

(oil) ffiwjeAfifcs^d^oaw^-^-rv^ u 
a>u *mt&ten<n£5i^ ^fetc (o o i) siss^ 

Ce|2 3^C e $r^>fbUT>b> Hi 2l^-f-<fc 5* 
&iiO#HH£|CC el^tOMt^t^i (01 
1) Ce0 2 W4«***l5^^4V\ o£!9. 30 

-5 (0 0 1) Ce0 2 l^^i6Ce0 2 i2 5^SS 

M63ftRt U"Ct. FeRAM/i^l^itSaRl 

offiv* (»2 9) , j£«tt<0ft#/jrCeO 2 JBS: 

[0 0 8 6] Cel2 3(DTMIIi:tT, 

I?i£i§ii i 12 8£fl2#cLT^5tf)T\ S 

i g*£2 l^KfcKiSS i 0 2 Jias»J«$*iS<0&» 40 
»Ji"5r k&XZ&o ^Lt, M I Sf^^C»y- h 

(D^yyymt Lxhm^^^t^x^hhtmm^m 

V\ £>o, ttfitt<OA»&B i 0 2 JIXteB i 2 S i O 
[0 0 8 7] W:, ±ai0 2 0f0^b^S^P *>B i 2 

si0 5 l2 9^M^ti^i^ ^-^e^Ki^r 

69, S i mWL2 1 £0«?M4<E>J:^B i 2 Si0 5 f2 
9tmbtlZ><nX\ ^l(C«$tl6Ce0 2 l2 3 50 
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So 

[0 0 8 8] **t6»ffilC*3V^-Ctt, S i StS2 

1 tUX (0 0 1) S iSra^X, S iSfi2 1<D 
±\Z (0 0 1) C e0 2 i^f>^5C e0 2 i2 5 £jg 
fiR"T5»d'Sr«^^oTKML^5 x SiS«2l£L 
T (111) S iSffi&fflV^txfclN, 

Si (111) (111) C e0 2 H8j&S?Bj*S 

[0 0 8 9] fc*5. B i 2 S i O5 B tt&Kmte 

X&S 0 

[0 0 9 0] (S3 #«W<&!B 3 <D 

Z>*L*b<D$£&b LT|3l^i-EBJtJD» 
s&fg&Bl 7 a, 17 bcoftfr'n^j*- Kirv-fer/i- 

[0 0 9 1] *SIJfe^ffi{C*3*t6C e0 2 

f&Xmz^XWLmirZ* MBEfijcfl^S 

«:2Wt-rs^i«tt. jlsb# 1 (ommmmxmm i,tcb& 

[0 0 9 2] HJ4 (a) - (d) tt. #S»to01»K:*5tf 
SftltffttfcSZ Ce^Si L 

[00 9 3] IE) 1 iC^fB 2 E BJUDfR^SIB 1 7 b «r 

»t5fc^ B4 (a) IC^Jzpid. SiIfi21±II 
m&&<OZ r|3 0^dl*tt5, Zrf30W$ 
tt, S i Sffi 2 1 Ottfttfr^-OflMlSri^trea^t h 

izx-t-5m^z.b&m*tiz>* Sterna*. zri3o 
[0094] ^©8, 19 1 ^-r^f^/^v^ 1 5 asima> 

ft<5£, Ce|2 3OJ:i:0 2 ^ 2 4 ^j^SttS, 
C(D0 2 OT2 4 OUiJSW fix Zrf3 0^lCfS 
LX4£»i"50-C, Zri3 0OCe«^TZr 

0 2 i!3 1 ^ric£*L£o 

[00 9 5] m 1 tC^i"^ 1 EBWifSI 

1 7 a £rf£t!j$-£S£> i4 (b) C e 

M^2 0^ZrO 2 i3 l<0±[Z&j$£tiZ> 0 -fZ>b, 
m4 (c) {C^i-J; ?tC, Zr0 2 f 3 1^±I^S 
(DCeM2 3tfmf&£tlZ>o Cei23^f$lt Si 

tt, 5 A (4JR^JB) £JlTX$)5vl^^«:^bV\ 
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[0 0 9 61 m l {z&TrtfxsW-? l 5 tmfr 

:^0 2 ^2 4li, Cei2 3^lCg3ltW6 
<DX% 13 4 (d) ICtjVTJ:?^ CeB23<OCe)5« 

[0097] *nmMi&<otefiLi?mz£z>h. *i\ s 
i s«2 i ©tt»«3tiw«ofc<tBfcjic-=f-*safc-fiiz r a 

3 0*MU $£>te0 2 ^2 4^«LTZr0 2 
JB3 1 SrJKfifcLTl^o :oZr0 2 SMbtt&^SUSiSi 
*3g*r*U -tSfcoJ: 5lwS i ^Sro^t^y Kit 10 

ri3 0«U 0 2 »^2 4^ftfettZ 

r0 2 i3 1^t6<0^ Zr0 2 i31(j:Sii 
£2 l^JBfilclJtfft^Lt^^, *HJ»£»-C 
tt. S i St£2 l t IT (0 0 1) Si St££/Bl^Xl^ 
S*TC, ftfftttt*tt«:#-*-S (0 0 1) Zr0 2 it 
fcSZ r 0 2 *3 ias»J*£*L6o -T-et-iStWLfcJ:5 
iC, ±|E«t*0»t^«fe(75r^<, 0 2 »^CeI^ 
£ # p b# *S X^ tr * * ^ y Wifcft £ff ft 

ofc^twti. C e o 2 SAO (Oil) flff-ecottAj* 20 
&<Djj&£9l&z.9 J $>-rii\ Ce0 2 Stl^C*^S*S 
^at^rWi-^Z r 0 2 

6o L*>U #jSJ6^1S<o<fc5U:* (0 0 1) Si 
£«<&»A»3Sl-«ofcZ r|3 0S:^tT*)ixtf, 
^(^iZrl30twCe^btTt, 0 1 2 {w^H* 
Ce0 2 ttftori<^FV>fyS:ttS (0 1 
1) Z r 0 2 m\-$Mf$L$foZ>^b&t£\i\ o*t)> *H 

-6 (0 0 1) Z r 0 2 Ht^&ft&Z r0 2 i31 £r^B 
{r^f^w^*s-c#5 0 MI Sy"s<4 30 

fcm<D'< yyrMt LX^/Bv^£ r t a*x# 5it^m^ 

*>R^ (»12. 5) , a>o, jftAtt©Jfe»*Z r 0 2 

[0 0 9 8] ^tT, ^(7)_t{w N Cei23, Ce0 2 
■ 2 5^«tS^ ^«Pl^<V*ftT^5^I 
Ce^fflV^<t^, ^SlwJgSte^J:^ (0 0 1) C 
e0 2 H^/i5Ce0 2 12 5 *r*J*i-6Cl ^"C* 
6o M I Sr^W ?s<ntf— ht&M&Mk LX 

F e RAMteXlZ&VZ>%mmftm<D'<$'7Tfgk 40 
LXt>fflV%5Ct^-e^§ltfl®^<OHV^ (^2 9) , 

[0 0 9 9] £fc> Zrl3 0H »*&iia^^w< 
v>ttS^tt6^"C% S iItS2H7)ift{: t J;6S iO 

[oioo] *n**ffi^*5^Twt, s i mm 2 

1 £ LT (0 0 1) S iS«$rl^t, SiSS21W 
±fcl (0 0 1) Ce0 2 »f)^5Ce0 2 i2 5^ 
i*-r-5»^S:«lwi:oTRWLfcdS. SiSfi2l<!rL 

t (111) S i g&£fflV^t>J:i\> -eCDS^iC^, 50 
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Si (111) Sff±lC (111) C e 0 2 R#ra/«$ 

[0 10 1] (Sl-S3 0»li:jo(t5W 
ffi) ±fES|l~SS3^S6^S(-^t>T, Ce0 2 iS: 

[0 10 2] ^t, SiSfi21«bCe0 2 g25i:<D 

g, B i , Z r l-ftxiX, Y (-f 3/ h V &ffiV\ 

[0 10 3] Til^tX Mgl, Big, Z 

rS, YlXftrtlfj^bW^/ieMgOi, Bi 

2 0 3 1, Z r0 2 a, Y 2 O s g^^SrSI&Sjte.^ 

felteV/M&Mt LTbJ:v\ 

[0104] (« 4 <OHJ6^«) 4 <D 

[0105] *&Mtemz&\,>xi>mi<Dmffimmhm 
j&~tz> ttxxomwk i-xm i i^-r 

EBMiHgI17a, 1 7 b?>ft;btU^;*- K"fe 
^i?^ (K-ir/V) £/8l^X>b <fcV\> 3&^mtttBI 

xv>^t>^^-r^>o 

[0 10 6] *^J6^ffitC*3VNX>b, MBE«ftk*4 
^Lfci:*3t)X*4>5o 

[0107] 05 (a), (b) *nffimmiz&rt 

[0 1 08) 85 (a) l^i-«5g«C*5^X«. 

4 1 fcj&SKttfcftTV^o ^1^14 ltt, M;U*P 
bLaTiO x (l^^PLT) ^ PbZrTiO 
x ftWPZT) £*xSri*s <£(d1&<d&& 

(a) i^-r^^^xte. «3Si-6J:5^±iB»R 

¥1 1 - 1 7 1 3 5 2-S-(cBB^$nfc*-fe/i^«cJ: *K 
S5^|gfitt«:*-f-6C e0 2 12 5^R«#fl4 1 <D 
s<v7rmk LXBW<b*uX^£o LfcdSoX, »K« 
#Ji4 i t>Kv^^^fe'5v^^iiS^gEr6]^^^^Lxv^ 

5 0 fc^TU PLT^PZT^b^6aiI#i4 1(D 

UCe0 2 125 C0)KS«ag k 
\*te<. fe^3&t^#oX^£G0X\ ^11*14 1 

i:Ce0 2 i2 5 ^cor^^lt#®lc:^v^T^^#coM^ L ^ 
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LTl*6frttTW:*V^ C e 0 2 S 2 5 £>&A«2g<a 

*SAtt (WxtfcH) a*Sfi®KSiEfc;frft£ft^-C^ 

«#tt©»K*:*v^i«i a«»*tttos4C6*lRl) 

[0 10 9] 1215 (b) fc£, Ce0 2 i25^S 

i gt£2 1 i:C0F^ICC eg 2 3^ftLTV^#-g-CD#t 

(is 5 (b) tc^-r^izfi3m^s) * 

aufcC eH2 3&«#«lc|JHfc-f acfcU:* OJgfifcS 

[oiio] ww-e, &mntem\^&rtz>c e o 2 jigo 

?^«*jfeW:, «X.tf4WPl 1 - 1 7 1 3 5 2^-{d^^ 

1 mm<o±\ziz-f c l^m^mmvx^hmmm 

g^XStc^figLX, #J;itf (0 0 1) Si 2t£_L(Oi£ 
**fe<0j:*\ ^F7>f^4v> (0 0 1) Ce0 2 

5wi:twJ:DCe02 I^tttJ;v\ r. 

£6„ o£«9. C e lo±^^RS#l^t 5 C i 
T% CetCe0 2 |l:t5Ci:W#5 B CettSfc* 

[0 111] *H*^ffit-*JftS3»»«flsS4 1 

fi8*jfetcov>TORWSr«»i-6. 40 

[0112] *&mmm<o%mmwm4 1 

0 2 I2 5 0±l:, &^m«l 4 1 SrRtf 5 d £ I- <t 

jt-rzzk&timiztez. tut* «fitt^ft»<cceo 
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HR«WB 4 1 Sr#riM-6 d k £<, 
[0 113] **>R. JtRWtfW^S i 0 2 ««rl5i 

[0114] (ffi 5 OXlfcStt) *&W<DWi 5 <D 

(ommmmkmm^ mi\^-rmmmm^m^h(o 

-CHI fc^E B 1 7 a, 17bC0ftt?t) 

fc, »»«»Bt*J^flfc^6*:«><0EBJ(lD}R»»l 7 b^ 

[0 115] *|^jffi^ffiiw*iV>-Ct>. MBEfiM&tw&i: 

*>s i mmzmm-rz^MK. ±mm 1 *>sot*tt-c» 
[0116] me (a), (b) r*. *mt&mmz*m 

[0 1 1 7] 12)6 (a) ^^»5&^*5V^Ttt, 

i ktmrtt>tiT^& 0 mmmftm* m^Pb 

L a T i O x (l^tf>5 P L T) ^ P b 2 r T i O x 
d^Wfig^ttS^, -t^ffi^ttfttt 
$:*-rS^RS(*jK^V^wt^-c# < 5 0 E| 6 (a) 

tcxmicxv. iSt^Mtt5Mgog2 6*mm 

OT, ^Sf*S4 1 >b^V^^ 0 3 0 ^fc^V^^SV^K(S]^ 

*S 4 1 <&»*«58f* i &-f Lt)MgOg26 ^^«jg 

mffJi4 i^*rLt>/£^«siairE:5*jSs«iit«:*-b 

Tv^6t^itT^i^v^7!j^ m g ol 2 6 a&Attti&<aJ£V 
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[0 118] 1215 (b) It MgOl26tSi 

MgJi2 2*##BMb*ii4^aK^«9*i--5 

[0119] rcr% *mMMm\z&tfz>Mgom<oM io 

(a) K^-fX^t-S^T, Cef2 3feMt6Ig 
&Ktf-FUU Mgl 2 2<7^£ff2/£LT:fc^-C\ ^CO 
02 (b) (CtjH-J: 0 2 ^2 4ttt»t5 

[0120] *mMjemz&ttzmini*m<nm 
m*. m&&ffi£ft<>x^%MBEm\z±z>%mn,&f& 20 

[0121I *Hffi^ffi<o3iKS#:Jl 4 1 *r«;t*:«iS 
9. 7Jr*w<y77li:U 

<7)M g Oi26 <D±\^ 4 1 Sriftft 6 C <fc |C 

# u :wM g oi 2 6 <D±\z$mm>fcm 4 1 u 30 
[0122] ^(om. itmw<ni&^s i o 2 Ji^t^ 

[0123] (#6 comm&m) w-* ^w^m 6^ 40 

tOHI6^)®JwioV^T«, S i 0 2 BtfU:^ it^S^^ 

[0124] ^mmmm^^xh^Kommmmtm 

EB*0fflgI17a t 1 7 bco«^«9l^^^- K-t 
^i?/u (K— fe^v) iffl^tti^, 9MK«ttJK 50 
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[0 12 5] *SUfiJB«(C*3V^Tt> % MBE^giC^fe^ 

iss^jwrrs^ratt. ±sasr i (ommmmxvi 

[0126] 1217 (a) - (d) te s *SUS»HB«-*5Jt 

6Si0 2 J§<n±\^ Z r o 2 JI&tf&ISSttJI&^GS; 

io i 2 7] ni7 (a) {z^-rjin^m^ 

s iI82loSBll^ S&SMkfetcj:?), T^iWy 

^^i/y ^y^fj/^S i 0 2 13 5^«t6o S 
i0 2 i3 5 0»tt, X^>r^lwH*$tt-51#tt^JcS 
Ctl«t5C^^-(?#, ii#fi0. 5-20nmt'fc 

6o sii«2i(DW (ooi) 

&Li^, (111) S^tecoi^^co®. fcewi^ti 

mmnQ<D?-^>s<ft{zmAi,x^ 100-400 

[0128] H 7 ( a ) i^-f £ 5 Ul* Si 0 2 

mik<os io 2 ji3 snmrnzmmiotcz rm^-s 2 
wt, s i o 2 ji 3 so^sic&oTifcifcu ®i*n?tetf 

*-^»«UXftS«tt^*#-5. o*D, Si0 2 I 
3 SO±tCZ rm^f-O&fahte&Z rf3 Ort^/fc^ft 

[0 12 9] 1217 (b) \^7jk-f£y\^ Zri3 

;ttfPLT&1#/&i-$Pb, La, Ti^a £0 2 # 

[0130] t5.t, 87 (c) (c^-r<t 51^ tfmm 

*i4 1«$nTV><^ r<D£:#. 0 2 ^f2 4 
WWZri3 0rt«»U, Zri3 0O@TO 
fc££i?L#>-t\ Z r 0 2 131 &J&f££tiZo 
[0131] *:<D%g^ 121 7 ( d ) \Z&ir£ b \Z % Z r 
o 2 H3 i©±|:8Wftl4 l*s»*Six6Ci:fcft 

[0132] ^mm^m\z.^^mmwm<ommt. 

[0 13 3] T-eyw^ 
r^^fat^S i0 2 i3 5^r^Lfcm, Si0 2 f3 
5COl{IZri3 0«i$LT^^ KRifti^M 
t6^M^0 2 ^2 4 (XttW^F-) $:Zri30 

rticffi»s*rz r<DM{t\z£Z>mtei£M>i\:$:mmisX 

Zr0 2 l3 1^tS. Lfc^oT, ffiig±^ic|i 
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[0 13 4] 07 (b) \^-r0 2 9t=t-1 412, 

«fttifcMMfcLXt<J:l\ £fc, (001) S i StRI- 
ftxX (111) Si St££fl§v>X4>£v\ 
[0135108(a), (b) fi, *mMM1&<omm 

mtemkcDrnmrnm mm&m) ***isx*>*o 

[0136] g]8 (a) it Si StS 2 1 (D_hl^ T^t 
S i0 2 !35i:, &&mm<r>Z r 0 2 

mm^titc^m^-rmx-h^o tut, ms (b) r±, 

Zr|3 0^f*^K^Stl-ftw-ffldSZ r!30^ 

£x^#uxi>£#ffi*£^0Xfc6 o 08 (b) ic^ 
+-*3glw*3V^rfcx 3*»«»:Ji4 l©WBEfB|ttS:B«iie 
iBrfbS-MfcZ r0 2 i31 i:J:orSIt5i^ s ^ 

[0 13 7] Hk\^, B9fi»6©jBfi^ttO»3&*fttr 

T-^m^ (T EM) \z£<>x*Bl,1±ttJtfthti1±mm 
TEMS^IT^^, Si£«£LXI2 (0 0 1) 
S^ttSPSS i S«£ffll^XV^ 0 S i 0 2 
MlOnmt^^ Zr0 2 Jl<7)J?^d:&l 9 n mXfc 
<5o :OZr0 2 Ifl T^/P^r^^lJa^S i o 2 Jf 
<D±\Z, j?^3nm^)ZriS:MUS, SfiRltt 
I^Mt5fc*(D^«iaoTZ ri^W 
^L?tje^#e>tt7tt>^T'fe6 0 £fc, Zr0 2 i^) 
Jilrtt»ra«ft£«-C&$PLT/1 (PbLaTiO x 

[0138] ::t% B^^xttB^^fa, s 

i S i0 2 f^k <Oftffi^ Si0 2 liZr02l 

P^I'M$tlTI/^^T*$)6o EPMA (Elec 

tron Probe Microanalysis : H^S^o — $ o T 

[0 13 9] 11011 »6<OHJI6^»^*3»t6 

B7 (b) {C^J:5*2rS3 
OSr»fiK"t-6«*>0l-^ Si0 2 !§<D±\z\g.t&Z rm* 
k0 2 & z ?-b%m®'fZ>Zi:\^£'0, Zr0 2 IW 

[0140101 0fc*Jt*T, aSt^t^Slt S i £ 
«£&Km#exfcSPLTgi<oPfll^ Wtefc^JBIL 
fcSi0 2 i^Zr0 2 gaMBSSSfrbf, 
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[0 14 1] O*0, ^6C0H^^tCioV>r« > ftft 
KZ r/S i0 2 /Si 0«)I^££j£$;LXl^<7MC 

»u bi oK#i-auiflHt (r«mid nmm^z r 
o 2 /s io 2 /si ^a««iss:**Lfc«, $mm 
&m*ffii£-fz>&mmi-ko 2 uxi**. 

^(Df^Ms MtV}\ZJ&&\.tiT*/\'7 T *ffi&<D S i 0 2 
■ tfJIMcU Si, Zr, ttBt«flc«:«IA-r%ft 
JRW^-Pb, La, T i ^«SlCffi»UT@»-r6wt 

&mmztiz>o EPMAic { ts5>»e)t)> s 

iS«l:Pb^Z r j&Si£m L X I > * £ £ a*fa«!l £ *XX *5 

x^a. ttt, +ftm^mmn<ft&h&t>ti%^zk 

[0 14 2] i"fc;b*>. JB6 0|81fi»tto«5&*ifelcJ: 
Zr0 2 ii:, S i m^Lk<Dm.^<om^S i 0 2 f§k 

zmnzzk z>z.k&t>frz* ^i-c, itfi 

H**>i6V* ($J3. 9) S i 0 2 Mfr&te-f Z>i>(D(D$ 

a f e r am^ W*?'^ x teWftftfrh :^ 5 t^: 
k&t>faoti e 

[0 14 3] ifcfc. tt^B^WjiiV^ (^12. 5) Z r 

0 2 Jf £T% /^7rlO**t*S< U 

k&X£Z><DX\ y-^m*7Vh§i\ ra*WJE*>:*:# 

ioi4 4]±B*4, ms<o$mwmxte. si-s 

3 0**6?B1Biw*3V^XjefifcUfeMgOJi, B i 2 o 3 
g, Zr0 2 i,'Y2 0 3 14^, Ce0 2 l^g 

[0 14 5] 

[»w<osmiu *&w<om i 3 <t>««{w«. xnz 

iX?)^fe|:j:S^ Mg, Zr, Bi^Ifi" 
40 »^e>*6T»»^CelBi:*ra»LXd*e>ll*«:«l& 

[0 14 6] «^(Dl4X(ii5^im Xil^ 

<n±\c&m&m*bteZTmm&m&^xt>*t>. &mm 

50 [Hffi<0ffi*fcitt9U 
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^mus » i-^-r »r® si -e & * • 

[El 2] (a) - (c) tts JBlW*«i»ll8Jw*3Jt^A: 
iWtfc^Mg £C e £*T»JBLfc«»{fcL-C\ Ce 

[03] (a) - (c) tt. JB2 0jtlll»»C*3»t64 
I^-Cfc § B i t C e ^81 LtSM LT, Ce 

[1214] (a) ~ (d) tt* *3^Hli»lWci3»t*4 
ITOtfcSZ r ^ C e t^Si ItggftU, Ce 10 

[ins] (a) , (b) «u m4<Dmmr*m^tertz>c 

e0 2 Jio±|::3fiCI«frg«raS^fe«^0 2oo»^J 

[{216] (a) , (b) II. »5^«^ll:*3lteM 
^-f"I21T*fc5o 

[1217] (a) ~ (d) m6<onmtemzmf&s 

i 0 2 »C0±fc:, Z r o 2 JB&tf»B«Wl 
[[218] (a) , (b) fct. !B6^S8Ji»tt^Ka*iSfe 

[[219] SB6^*ft«tt^»^*fei-«fcoT«fifc*ix^: 
*BJitfli£ (R«#Bt) ^Wrffi^rSiSm^a^ (TE 

[[2110] S i 0 2 1<0±I-Z rl^f i0 2 ^^Sr« 
&-tZ>Zk\z£*)Z r 0 2 Ml^I 
*^UfcaS«3fi^WrffiTEMlfeS:^HT?fc2>o 30 

[[2111] (10 0) S il^O±l-Ce0 2 SS^2 

[Hi 2] »5<DXiK^ia«*ttTv^, S iSKo 

(0 0 1) I±-^Ce0 2 ^^<0^\f^^r^^^^M 
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[1211 3] %5<Dj:m\^$i£h>X\^, Ce0 2 il: 
2 0(0 4 ZVtm&W&Mf&fc&gl h 

[(HI 4] »6 0X«(-lBtt*nTl^6, SiSSO 
( 0 0 1 ) ffi, (111) BRtf (110) ffiUl-tiX-e 



1 1 — 

1 2 K-ir/v 
1 3 

14 mm 

1 5 MXs</l>Zf 

1 6 

17a »1 EBiWjR«*IS« 
17b S2EBMMI 
18a &JHC e 

1 8 b &mu®> 
i9a, i9b mm 

2 0 C e 

21 si mm 

2 2 Mgl 

2 3 C eJf 

2 4 0 2 ft* 

2 5 Ce0 2 i 

2 6 MgOi 

2 8 Bil 

2 9 B i 2 S i 0 5 Jg 

3 0 Z r m 

3 1 Zr0 2 l 
3 2 Z r 

3 5 S i0 2 I 

4 i &Rm#Ji 

4 2 ^JHH^ 
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CLAIMS 



[Claim(s)] 

[Claim 1] the crystallinity which was formed on the crystalline semiconductor layer and formed on the 
ground layer which compatibility with oxygen becomes from a metallic material higher than the 
compatibility of the semiconductor material and oxygen which constitute the above-mentioned 
semiconductor layer, and the above-mentioned ground layer — Ce02 Dielectric film equipped with the 
layer. 

[Claim 2] The dielectric film characterized by at least the part having oxidized among the above- 
mentioned ground layers in a dielectric film according to claim 1 . 

[Claim 3] the crystallinity which was formed on the crystalline semiconductor layer and formed on the 
ground layer which consists of a multiple oxide including the metallic element and the semiconductor 
material which constitutes the above-mentioned semiconductor layer, and the above-mentioned ground 
layer — Ce02 Dielectric film equipped with the layer. 

[Claim 4] the crystallinity which was formed on the crystalline semiconductor layer and formed on the 
ground layer which consists of a crystalline metallic oxide which carries out grid adjustment mostly with 
the crystal of the above-mentioned semiconductor in the principal plane of the above-mentioned 
semiconductor layer, and the above-mentioned ground layer — Ce02 Dielectric film equipped with the 
layer. 

[Claim 5] It is the dielectric film characterized by choosing at least the metallic material which 
constitutes the above-mentioned ground layer from any one among Mg, Zr, Y, and Bi in the dielectric 
film of any one publication among claims 1-4. 

[Claim 6] A dielectric film equipped with the ground layer which consists of a metallic material which is 
formed on a crystalline semiconductor layer and chosen from any one at least among Mg, Zr, Y, Ce, and 
Bi, and the ferroelectric layer formed on the above-mentioned ground layer. 
[Claim 7] The dielectric film characterized by at least the part having oxidized among the above- 
mentioned ground layers in a dielectric film according to claim 6. 

[Claim 8] A dielectric film equipped with the oxidizing zone which consists of an oxide of the 
semiconductor material which is formed on a crystalline semiconductor layer and constitutes the above- 
mentioned semiconductor layer, the ground layer which consists of an oxide of the metallic material 
formed on the above-mentioned oxidizing zone, and the ferroelectric layer formed on the above- 
mentioned ground layer. 

[Claim 9] The metallic material which constitutes the above-mentioned ground layer in a dielectric film 
according to claim 8 is a dielectric film characterized by being chosen out of any one at least among Mg, 
Zr, Y, Ce, and Bi. 

[Claim 10] The formation method of a dielectric film characterized by providing the following. The 
process which prepares the substrate which has a crystalline semiconductor layer (a) The process which 
forms the ground layer which compatibility with oxygen becomes only from a metallic material higher 
than the compatibility of the semiconductor material and oxygen which constitute the above-mentioned 
semiconductor layer on the above-mentioned crystalline semiconductor layer (b) The process which 
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forms Ce layer on the above-mentioned ground layer (c) Oxygen is supplied from the upper part of the 
above-mentioned Ce layer, and it is Ce02 at least. Process which forms a layer (d) 
[Claim 11] The formation method of the dielectric film characterized by oxidizing in a part of above- 
mentioned ground layer [ at least ] at the above-mentioned process (d) in the formation method of a 
dielectric film according to claim 10. 

[Claim 12] It is the formation method of the dielectric film characterized by performing above- 
mentioned process (b) - (d) continuously in the equipment for epitaxial growth of an ultra-high vacuum 
in the formation method of a dielectric film according to claim 10 or 1 1. 

[Claim 13] It is the formation method of the dielectric film characterized by performing the above- 
mentioned process (b) and (c) by the MBE method which used EB heating evaporator in the formation 
method of the dielectric film any one publication among claims 10-12. 

[Claim 14] The formation method of the dielectric film characterized by forming the ground layer which 
consists only of a metallic material chosen from any one at least among Mg, Zr, Y, and Bi at the above- 
mentioned process (b) in the formation method of the dielectric film any one publication among claims 
10-12. 

[Claim 15] The formation method of a dielectric film characterized by providing the following. The 
process which prepares the substrate which has a crystalline semiconductor layer (a) The process which 
forms the ground layer which consists only of a metallic material on the above-mentioned crystalline 
semiconductor layer (b) The process which supplies oxygen from the upper part of the above-mentioned 
ground layer, oxidizes in a part of above-mentioned ground layer [ at least ], and forms a metal oxidizing 
zone (c) The process which forms a ferroelectric layer on the above-mentioned metal oxidizing zone (d) 
[Claim 16] It is the formation method of the dielectric film characterized by being carried out 
simultaneously with a process (d) using supply of the oxygen for the above-mentioned process (c) 
forming the ferroelectric layer in the above-mentioned process (d) in the formation method of a 
dielectric film according to claim 14. 

[Claim 17] The formation method of the dielectric film characterized by forming the ground layer which 
consists only of a metallic material chosen from any one at least among Mg, Zr, Y, Ce, and Bi at the 
above-mentioned process (b) in the formation method of a dielectric film according to claim 15 or 16. 
[Claim 18] The formation method of a dielectric film characterized by providing the following. The 
process which prepares the substrate which has a crystalline semiconductor layer (a) The process which 
oxidizes thermally the front face of the above-mentioned crystalline semiconductor layer, and forms a 
thermal oxidation film (b) The process which forms the ground layer which consists only of a metallic 
material on the above-mentioned thermal oxidation film (c) The process (d) which supplies oxygen from 
the upper part of the above-mentioned ground layer, oxidizes in a part of above-mentioned ground layer 
[ at least ], and forms a metal oxidizing zone, and the process which forms a ferroelectric layer on the 
above-mentioned metal oxidizing zone (e) 

[Claim 19] It is the formation method of the dielectric film characterized by being carried out 
simultaneously with a process (d) using supply of the oxygen for the above-mentioned process (c) 
forming the ferroelectric layer in the above-mentioned process (d) in the formation method of a 
dielectric film according to claim 18. 

[Claim 20] The formation method of the dielectric film characterized by forming the ground layer which 
consists only of a metallic material chosen from any one at least among Mg, Zr, Y, Ce, and Bi at the 
above-mentioned process (c) in the formation method of a dielectric film according to claim 18 or 19. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention uses Metal Ce and oxygen as a raw 
material, and is crystalline high Ce02 on Si substrate. It is related with the formation method for 
forming a film, and its formation equipment. 
[0002] 

[Description of the Prior Art] In recent years, there is a remarkable thing in progress of detailed-izing of 
the C-MOS device formed on Si substrate, and integration. And thin film-ization of the gate insulator 
layer which constitutes a part of MOSFET in connection with it is also demanded strongly. It is based on 
the following reasons that thin film-ization of a gate insulator layer is demanded. 
[0003] First, although operating voltage is continuing falling aiming at power saving, the amount of 
charges required for element operation is simultaneously regularity, and is not reduced so much. By the 
relation of Q=valve flow coefficient (the amount of Qxharges, Cielectrostatic capacity, V:voltage), 
though the amount Q of charges is simultaneously regularity, in order for voltage V to continue falling, 
the electrostatic capacity C which can be held to a gate insulator layer must be raised. Since it is C= 
(epsilonr -S)/d (epsilonr : S: capacitor area, d: specific inductive capacity, electrode spacing), in order to 
increase electrostatic capacity C here, it is Si02 first now. It is realizable by making thin thickness d of 
the gate insulator layer constituted. Therefore, at present, thin film-ization of the gate insulator layer of 
lOnm - 15nm or lOnm or less is tried. 

[0004] However, when thin film-ization of a gate insulator layer was advanced, a possibility that the 
fault of aggravation of destructive pressure-proofing of a gate insulator layer and increase of a leakage 
current might arise came out. 

[0005] Then, recently, specific inductive capacity is about 3.9 Si02 about a gate insulator layer. High 
specific-inductive-capacity epsilonr It has and, moreover, they are other electrical properties Si02. It is 
searched for the insulator layer material which has the property which is not inferior. Namely, specific- 
inductive-capacity epsilonr It is because the required amount Q of charges can be held even if low- 
battery-ized since electrostatic capacity C is highly maintainable even if it makes thickness d to some 
extent thick by making it high. Si02 [ present from such a viewpoint ] A performance equivalent to a 
gate insulator layer can be obtained, and it has high specific inductive capacity and destructive pressure- 
proofing, and the formation method of a up to [ Si substrate of the insulator layer which interface level 
and a leakage current become from a small new insulating material ] is being considered. 
[0006] Moreover, it is Si02 on [ from another request ] Si substrate. The attempt which forms the 
insulator layer by different insulator material is also made. For example, research aiming at realizing the 
transistor which has a memory effect in the gate of a field effect transistor using a thin film with a 
ferroelectricity is shown to the 1st reference "JAPAN JOURNAL OF APPLIED PHYSICS 35 and 
4987" (1996) by the example currently indicated. As one of the examination of the, formation of the thin 
film (PZT film) which consists of PbZrl-x Tix 03 with a ferroelectricity (PZT) is tried here, however - 
since this PZT film is difficult to form on a direct Si substrate between a PZT film and Si substrates -- 
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Ce02 etc. - from - the laminating of the insulator layer used as the becoming buffer layer is carried out 

[0007] Moreover, as well as the above-mentioned gate insulator layer in order to form the dielectric (for 
example, superconductor) film of others including ferroelectric material on Si substrate, specific 
inductive capacity and destructive pressure-proofing are high, and the formation method of a up to [ Si 
substrate of the new insulating body membrane which can realize interface level and the property that a 
leakage current is small ] is being considered. 

[0008] And it also sets to those examination and is Ce02. A film is one of the insulator material which 
attracts attention very much as a buffer layer. This is based on the following reasons. Ce02 It compares 
with other materials and a lattice constant is near and Ce02 to the lattice constant of Si. It is because the 
rate of grid mismatching with Si has only -0.37% (2= 5.411 A of aCeO(s), aSi=5.431 A). Furthermore, 
Ce02 The crystal structure is a fluorite type and can build a crystal lattice succeeding Si substrate with a 
diamond structure. That is, it is Ce02 to all atoms being 4 coordination in Si. Although there is 
difference that 4 coordination and Ce atom serve as [ the oxygen atom ] 8 coordination, as for the case, 
in that it is the cubic system based on a face-centered cubic lattice, both crystals are common and can 
carry out the laminating of both the crystals without a breakdown (the percentage of oxygen and Ce is 
2:1). Therefore, it becomes possible to produce a crystalline, very high thin film on Si substrate, and 
fiirther becomes easy to form a ferroelectric film and a superconductor film with crystallinity high in 
piles on it. Moreover, Ce02 Since the specific inductive capacity is as high as 26 order, it is Si02. It is 
made to hit instead, is and also has sufficient possibility as a gate insulator layer material. 
[0009] It is Ce02 on Si substrate besides the 1st reference. Various attempts are performed about 
forming, and when some of the examples of representation are given, there is the following reference. 
[0010] irradiating EB at pellet-like Ce02 sintered compact into the molecular-beam-epitaxy 
(MOLECULAR BEAM EPITAXY :MBE) equipment which equipped the 2nd reference "JAPAN 
JOURNAL OF APPLIED PHYSICS 1765" (1993) with electron ray (ELECTRON BEAM:EB) vacuum 
evaporationo equipment in the example currently indicated — Ce02 it evaporates — making ~ Si 
substrate top « crystalline high Ce02 The thin film is formed. At this time, it is Ce02. Oxygen gas is 
supplied simultaneously with evaporation and it is Ce02. The crystalline fall by the oxygen deficiency 
of a thin film is prevented. In addition, Ce02 in the 1st above-mentioned reference Membranous 
formation is also performed by the same method as this. 

[001 1] In the example currently indicated by the 3rd reference "JAPAN JOURNAL OF APPLIED 
PHYSICS 270 and 1994", the 1st and the different thin film formation method from the method of the 
2nd reference are used. It is crystalline high Ce02 on Si substrate by carrying out the spatter of the Ce 
atom in a target using the reactive sputtering system which equipped with the target which consists of a 
metal Ce here, supplying oxygen gas, and making Ce and oxygen react on Si substrate. The thin film is 
formed. 

[0012] the method of being further different from the describing [ above ] all directions method m the 
example currently indicated by the 4th reference "APPLIED PHISICS LETTERS 2027" (1991) Ce02 
The film is formed. Ce02 of the shape of a pellet put on the interior here using the MBE equipment 
which can introduce the excimer laser light by ArF from the exterior This laser beam is irradiated at a 
sintered compact, and it is Ce02. It is crystalline high Ce02 on Si substrate by making it evaporate and 
introducing oxygen gas simultaneously with it. The thin film is formed. 
[0013] 

[Problem(s) to be Solved by the Invention] however, the crystallinity in each above-mentioned reference 
— Ce02 There are some faults as shown below in formation of a thin film. 

[0014] However, in the following publications, when calling it a field (001), the crystal-face group 
expressed as crystallography top {001} side shall be expressed typically. It is the same when calling it 
(01 1) and (1 1 1). Moreover, when calling it a substrate (001) or a film, a substrate (01 1) or a film, a 
substrate (1 1 1), or a film, the substrate or film whose principal planes are a field (001), a field (011), and 
a field (111), respectively shall be said. 

[0015] First, at the example in the 1st and 2nd reference, it is pellet-like Ce02. By making it heat by EB 
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and making it evaporate, oxygen and Ce will be supplied simultaneously. That is, Ce and oxygen will 
arrive at Si substrate front face simultaneously, and it is Ce02. It is Si02 simultaneously. It will be 
formed. Si02 It is Si02 when formed. Since it generally has amorphous structure, the crystalline steep 
nature of interface structure falls and flat nature also becomes bad. Moreover, Si02 When you try to 
make it operate as an element after membranous formation, it is Ce02 with high specific inductive 
capacity with much trouble. Si02 in which the applied voltage has low specific inductive capacity more 
in spite of forming the film It will concentrate on a film. Consequently, it is difficult to accumulate the 
amount of charges which is sufficient for securing the function as a gate insulator layer. Furthermore, 
such Si02 Intermingled Ce02 When a film is used as a buffer layer of a ferroelectric film or a 
superconductor film, it is difficult to impress required voltage to a ferroelectric layer or a superconductor 
layer. 

[0016] At the example in the 2nd reference, it is Ce02 on Si (1 1 1) substrate (111). Although it is 
possible to form a film, on Si (001) substrate, it is Ce02 (001). A film cannot be formed but it is CeO 
(01 1)2. Only the film is formed. That is, the effect that near suppresses generating of grid distortion 
since both field direction crosses, and a lattice constant suppresses generating of a defect how much 
cannot expect at all. And it is same (011) Ce02 in fact. Since it has polycrystal structure in which two 
crystals which serve as the symmetry of revolution at the angle of 90 degrees mutually on the principal 
plane of Si substrate were intermingled even if it is a film, it is difficult to obtain a smooth and uniform 
single crystal thin film. 

[0017] The 5th reference "JAPAN JOURNAL OF APPLIED PHYSICS 31 and L1736" (1992) explains 
this reason. Namely, the dangling bond (an end uncombined hand, suspension uncombined hand) which 
appears on the 2x1 reconstruction structure on the field (001) of the front face of Si crystal formed in a 
high vacuum and Ce02 Since the position of the oxygen atom within the field (01 1) of a crystal is near 
It is [ continuously rather than / fields / (001) / of both ] / the field (001) of Si crystal, and Ce02. It is 
thought that it is because it is / stability / higher for a field (01 1) to continue. 

[0018] At the example in the 4th reference, it is Ce02 with very high (1 1 1) crystallinity to Si (1 1 1) 
substrate. It is shown that it is possible to form a film. In this example, vibration (RHEED vibration) of 
the diffraction pattern intensity is seen in reflected type high-energy electron-diffraction (Reflection 
High Energy ElectronDiffraction:RHEED) observation in a crystal growth. Crystal growth is two- 
dimension-like, and generating of this RHEED vibration has high surface smooth nature, and means 
going on for every layer. It is not observed but most existence of the defect in which observation by the 
cross section transverse electromagnetic is also big is Si and Ce02. Si02 in an interface Formation is 
not visible, either. However, Ce02 on the field (001) of Si crystal also in this example Formation of the 
field (001) of a crystal is not reported. 

[0019] The 6th reference "JAPAN JOURNAL OF APPLIED PHYSICS 29 and LI 199" (1990) is 
indicated about this. That is, since Ce and oxygen will be simultaneously supplied also in this system 
(001), on Si substrate, it is CeO (01 1)2. A film will be formed. 

[0020] It sets for the example in the 3rd reference as well as the 2nd and the 4th reference, and is Ce02 
with very high crystallinity on the field (1 1 1) of Si substrate. (1 1 1) is formed. By the method currently 
mentioned as this example, since Metal Ce is used as a feed, only Ce is supplied to Si substrate 
interface, and it is Si02. It has succeeded in suppressing formation. However, crystalline Ce02 [ high ] 
The metal Ce independent layer thickness which is needed in order to obtain a film is as thick as 5nm. 
Therefore, when considering the use as a gate insulator layer of a transistor, a thick metal layer will exist 
and there is a serious problem on operation of an element. Moreover, it also sets for this example too 
and is CeO(OOl) 2 on Si (001) substrate. Membranous formation is not reported. 
[0021] The purpose of this invention takes an example by this point, and is Ce02 of a crystalline high 
single crystal on Si substrate. It is in offering the dielectric film which has a film, and its formation 
method. 
[0022] 

[Means for Solving the Problem] First, Ce02 concerning this invention The consideration performed in 
order to reach the membranous formation method is explained. 
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[0023] (001) On Si substrate, it is Ce02 (01 1). Only a film can be formed but it is CeO (001)2. It is 
indicated by the 5th above-mentioned reference about the reason which cannot form a film. The detail is 
explained below. 

[0024] Drawing 12 is Ce02 to the field (001) top of Si substrate. It is drawing showmg the epitaxial 
state of a crystal, and is drawing equivalent to drawing 2 in the 5th reference. In this drawing, in a big 
white round head, the round head with a slash like inside shows the Si atom 2, and a small white round 
head shows the oxygen atom 3 for the Ce atom 1, respectively. In the front face of Si substrate, the field 
(001) of Si crystal which has a unit cell 4 has appeared. The one side of this unit cell 4 is parallel to the 
[100] directions, and other sides of a unit cell 4 are parallel to the [010] directions. If in other words the 
space of drawing 12 is specified as a field parallel to the crystal face (001) of Si crystal, the x axis of Si 
crystal and the y-axis exist in space, and the z-axis of Si crystal is perpendicular to space. Ce02 adjusted 
with the field (001) of Si crystal on the other hand Two crystals expressed with the unit cell 5 or unit cell 
6 shown in this drawing as a crystal are generated by the same probability. The one side each of each 
unit cells 5 and 6 is parallel to the [100] directions (that is, the direction of a x axis), and other sides are 
parallel to the [011] directions (that is, direction to which 45 degrees inclined to the y-axis). And the x 
axis of a unit cell 5 and the x axis of a unit cell 6 lie at right angles mutually, and the [01 1] directions of 
a unit cell 5 and the [01 1] directions of a unit cell 6 lie at right angles mutually. In other words, it has the 
relation which rotated only 90 degrees around the shaft with a unit cell 5 and a unit cell 6 perpendicular 
to the space of drawing 12 . In addition, 45 degrees of the y-axes and the z-axes of each unit cells 5 and 
6 lean from the space of drawing 12 . 

[0025] It is Ce02 as shown in this drawing. In a field (01 1), the O atom 1 is located above the interstitial 
segment of Si atom train under Si crystal. When it sees in single dimension along the [100] directions of 
the grillage construction of Si crystal (i.e., when it sees from a direction perpendicular to space), the 
position of this O atom 1 is very as near as the position of the dangling bond which appears in the 2x1 
reconstruction structure on the front face of the maximum of Si substrate. Consequently, Ce and O 
(oxygen) which were simultaneously supplied on Si substrate are Ce02. It is Ce02 rather than it forms 
the field (001) of a crystal. A field (01 1) will be easy to be formed. And it is Ce02 on Si substrate. 
When the field (01 1) of a crystal is formed, as shown in this drawing, it will appear in the probability 
that the two crystal structures of a unit cell 5 and a unit cell 6 which have a symmetry-of-revolution 
relation mutually are equivalent. Therefore, it is Ce02 on Si substrate. Two crystals which have two 
different directions when growing a crystal epitaxially make a domain, and are intermingled, and it is 
Ce02 of a polycrystal as a whole. A film is formed. 

[0026] It is indicated by the 5th reference of the above and drawing 13 is Ce02. It is the 
microphotography view which observed the state where two domains were intermingled on a film, by 
the high-resolution scanning tunneling microscope (High Resolution Transmission Electron 
Microscopy:HRTM), and was obtained. As shown in this drawing, the domain CrA which has a x axis 
[100] parallel to the longitudinal direction of this drawing, and the domain CrB which has a x axis [100] 
parallel to lengthwise [ of this drawing ] are intermingled, and the size of each domains CrA and CrB is 
lOnm - 50nm. 

[0027] Drawing 1 1 is CeO (01 1)2 formed on the Si (100) substrate 8. They are two kinds of CeO(s)2 in 
a film 9. It is the type section view showing the state where the domain of a crystal is formed. 
[0028] Next, it is CeO(l 1 1) 2 on Si (1 1 1) substrate. The process which forms a crystal is considered. Si 
crystal at this time, and Ce02 It is indicated by the 6th above-mentioned reference about the structure of 
a crystal. Drawing 14 (a) - (c) is Ce02 which is drawing equivalent to drawing 4 in this reference, and 
grows epitaxially to the field (001), field (111), and (110) field of Si substrate, respectively. It is drawing 
showing the direction of a crystal. Drawing 14 (a) is Ce02 whose direction of a film surface is a field 
(01 1) on the field (001) of Si substrate like the 5th reference. It means that two kinds of domains of a 
crystal are formed. On the other hand, drawing 14 (c) is Ce02 on Si (01 1) substrate (01 1). A film and 
CeO(l 1 1) 2 It means that a film can be formed. 

[0029] Here, as shown in drawing 14 (b), on Si (1 1 1) substrate, it is Ce02 (1 1 1). A film tends to grow 
and grid mismatching is also small. At this time, it is Ce02. Although the structure of a crystal is that to 
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which the laminating of the layer which consists only of Ce in the direction perpendicular to a substrate 
side, and the layer which consists only of oxygen was carried out by turns strictly, since the distance 
between layers of both layers is very near, it can be considered that two atoms are intermingled in a field 
common in approximation. Therefore, the energy which forms the layer which eliminates the atom of 
one kind among two kinds of atoms called Ce atom and O atom, and consists only of an atom of the 
kind of another side is not large about the layer of the atom of which kind, either. That is, when Ce atom 
and O atom are simultaneously supplied on Si substrate, it is CeO(l 11)2. Ce02 which has a field 
direction which can form a film and is different from this You may say that a film is not formed. 
[0030] However, since a field (1 1 1) is the maximum dense side under crystal which has a diamond 
structure, on a field (111), most many Si dangling bonds (uncombined hand) exist. When O atom and Ce 
atom are simultaneously supplied on the front face of this Si substrate, it is Ce02 on the front face of Si 
substrate. Not only a crystal but Si02 A layer will also be formed. Therefore, there is a possibility of . 
causing crystalline aggravation and decline in specific inductive capacity. 

[0031] In addition, Ce02 formed by each the 1st, the 3rd, the 4th, and 6th reference The X-ray is 
estimating the crystallinity of a thin film. Among those, for the diffraction peak of the smallest full 
width at half maximum (Full Widthof Half Maximum: full width at half maximum) being shown, 
although it is the thing of the 4th reference, full width at half maximum is still 3500 arc sec. It is large. 
Moreover, the full width at half maximum obtained by other reference far exceeds it. This is Si crystal 
and Ce02. Considering that the rate of grid mismatching with a crystal has only -0.37%, it is thought 
that it is a very bad value. For example, full width at half maximum of ZnSe which has 0.26% of rate of 
grid mismatching (aGaAs=5.6533, aZnSe=5.668) to GaAs is 300 arc sec. It is the following (however, 
when it is the rocking curve of 2theta shafts fixation and omega shaft scan). Since the value of the full 
width at half maximum obtained by each reference is a value acquired by omega-2theta (theta-2theta) 
both shafts scan, though the half is equivalent to the value of omega shaft scan, it has an about 6 times as 
many difference as this. Namely, Ce02 currently formed in each reference Even if it is smooth and the 
defect seems to be few on local level on which a film is observed using transverse electromagnetic, 
when it compares with the crystal large [, such as disorder, a defect, etc. of a grid, ] and used by the 
compound semiconductor [ the range of the diameter of a spot of an X-ray beam ], it is thought that the 
crystallinity is considerably inferior. Thus, Ce02 For membranous crystallinity, a low is also Si02 
among both. It is considered one of the factors which form a layer. Namely, already formed Ce02 When 
the grid is confused in the layer, the amount of the oxygen atom which an oxygen (O) atom becomes 
easy to pass the portion, and is supplied to the front face of Si substrate increases. Moreover, it also sets 
into the surface portion of Si substrate, and is Ce02 of right above. Since a dangling bond exists in the 
portion by which the crystal lattice of a layer was confused mostly, it becomes easy to combine oxygen 
there and is Si02. Formation of a layer is promoted. 

[0032] this invention person is Ce02 which has a double domain by supplying Ce and oxygen by turns 
after the oxide which has the fluorite type crystal structure forms the thin film which has the structure 
which follows the diamond cubic structure of Si on Si (001) substrate from the above consideration 
(011). It is not formed and a film is CeO(OOl) 2 of a single crystal. It came to hit on an idea of the ability 
of a film to be formed. 

[0033] Hereafter, this invention drawn from the above consideration is explained. 

[0034] the crystallinity formed on the ground layer which consists of a metallic material higher than the 
compatibility of the semiconductor material and oxygen from which the 1st dielectric film of this 
invention is formed on a crystalline semiconductor layer, and compatibility with oxygen constitutes the 
above-mentioned semiconductor layer, and the above-mentioned ground layer — Ce02 It has the film. 
[0035] Since it has the structure where the oxide film of the material which constitutes semiconductor 
layers, such as a silicon oxide, is hard to be formed on a semiconductor layer by this, it is a ground layer 
and crystalline Ce02 with high specific inductive capacity. A dielectric film with a large capacity per 
[ containing a layer ] unit area is obtained. Therefore, it becomes possible to make thickness of a 
dielectric film sufficiently thick and to aim at reduction of leak, and improvement in destructive 
pressure-proofing. 
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[0036] In the 1st dielectric film of the above, it is desirable that at least the part has oxidized among the 
above-mentioned ground layers. 

[0037] the crystallinity which the 2nd dielectric film of this invention was formed on the crystalline 
semiconductor layer, and was formed on the ground layer which consists of a multiple oxide including 
the metallic element and the semiconductor material which constitutes the above-mentioned 
semiconductor layer, and the above-mentioned ground layer — Ce02 It has the layer. 
[0038] Ce02 with specific inductive capacity high [ including a ground layer with little a strain or 
interface level with sufficient concordance with a semiconductor layer ] by this The dielectric film 
which has a layer is obtained. 

[0039] the crystallinity which the 3rd dielectric film of this invention was formed on the crystalline 
semiconductor layer, and was formed on the ground layer which consists of a crystalline metallic oxide 
which carries out grid adjustment mostly with the crystal of the above-mentioned semiconductor in the 
principal plane of the above-mentioned semiconductor layer, and the above-mentioned ground layer — 
Ce02 It has the layer. 

[0040] Crystalline high Ce02 which succeeded the information about the crystal structure of a 
semiconductor layer from the ground layer by this The dielectric film which has a layer is obtained. 
[0041] As for the metallic material which constitutes the above-mentioned ground layer, in the above 1st 
- the 3rd dielectric film, it is desirable to be chosen out of any one at least among Mg, Zr, Y, and Bi. 
[0042] The 4th dielectric film of this invention was formed on the crystalline semiconductor layer, and 
is equipped with the ground layer which consists of a metallic material chosen from any one at least 
among Mg, Zr, Y, Ce, and Bi, and the ferroelectric layer formed on the above-mentioned ground layer. 
[0043] Thereby, the ground layer which does not almost have the oxide film of semiconductor materials, 
such as a silicon oxide, and the high ferroelectric layer of a stacking tendency are obtained. Therefore, it 
becomes possible to distribute effectively the voltage impressed to the whole dielectric film to a 
ferroelectric layer, and the amount of remanences of a ferroelectric layer can be secured sufficiently 
greatly. 

[0044] In the 4th dielectric film of the above, it is desirable that at least the part has oxidized among the 
above-mentioned ground layers. 

[0045] The 5th dielectric film of this invention is equipped with the oxidizing zone which consists of an 
oxide of the semiconductor material which is formed on a crystalline semiconductor layer and 
constitutes the above-mentioned semiconductor layer, the ground layer which consists of an oxide of the 
metallic material formed on the above-mentioned oxidizing zone, and the ferroelectric layer formed on 
the above-mentioned ground layer. 

[0046] There is little interface level of an oxidizing zone which consists of an oxide of the 
semiconductor material which constitutes a semiconductor layer by this, concordance with a 
semiconductor layer has the high ferroelectric layer of a stacking tendency using a very good thing, and 
a reliable dielectric film is obtained. 

[0047] As for the metallic material which constitutes the above-mentioned ground layer, in the 5th 
dielectric film of the above, it is desirable to be chosen out of any one at least among Mg, Zr, Y, Ce, and 
Bi. 

[0048] The process for which the formation method of the 1st dielectric film of this invention prepares 
the substrate which has a crystalline semiconductor layer (a), The process which forms the ground layer 
which compatibility with oxygen becomes only from a metallic material higher than the compatibility of 
the semiconductor material and oxygen which constitute the above-mentioned semiconductor layer on 
the above-mentioned crystalline semiconductor layer (b), Oxygen is supplied from the process (c) which 
forms Ce layer on the above-mentioned ground layer, and the upper part of the above-mentioned Ce 
layer, and it is Ce02 at least. The process (d) which forms a layer is included. 

[0049] It is crystalline high Ce02, suppressing formation of the oxide film of a semiconductor material 
by this method. A layer can be formed. Therefore, even if thickness is thick, the capacity per unit area is 
large, leak is small, and it becomes possible to form the large dielectric film of destructive pressure- 
proofing. 
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[0050] In the formation method of the 1st dielectric film of the above, it is desirable to oxidize in a part 
of above-mentioned ground layer [ at least ] at the above-mentioned process (d). 

[0051] As for above-mentioned process (b) - (d), in the formation method of the 1st dielectric film of the 
above, it is desirable to be continuously carried out in the equipment for epitaxial growth of an ultra- 
high vacuum. 

[0052] As for the above-mentioned process (b) and (c), in the formation method of the 1st dielectric film 
of the above, it is desirable to be carried out by the MBE method which used EB heating evaporator. 
[0053] In the formation method of the 1st dielectric film of the above, it is desirable to form the ground 
layer which consists only of a metallic material chosen from any one at least among Mg, Zr, Y, and Bi at 
the above-mentioned process (b). 

[0054] The process for which the formation method of the 2nd dielectric film of this invention prepares 
the substrate which has a crystalline semiconductor layer (a), The process which forms the ground layer 
which consists only of a metallic material on the above-mentioned crystalline semiconductor layer (b), 
Oxygen is supplied from the upper part of the above-mentioned ground layer, and the process (c) which 
oxidizes in a part of above-mentioned ground layer [ at least ], and forms a metal oxidizing zone, and the 
process (d) which forms a ferroelectric layer on the above-mentioned metal oxidizing zone are included. 
[0055] Since a crystalline high ground layer is formed by this method, suppressing formation of the 
oxide film of a semiconductor material, the high ferroelectric layer of a stacking tendency is formed on a 
ground layer. Therefore, it becomes possible to form the dielectric film suitable for the ferroelectric 
device. 

[0056] In the formation method of the 2nd dielectric film of the above, it can also carry out 
simultaneously with a process (d) using supply of the oxygen for forming a ferroelectric layer [ in / the 
above-mentioned process (d) / for the above-mentioned process (c) ]. 

[0057] In the formation method of the 2nd dielectric film of the above, it is desirable to form the ground 
layer which consists only of a metallic material chosen from any one at least among Mg, Zr, Y, Ce, and 
Bi at the above-mentioned process (b). 

[0058] The process for which the formation method of the 3rd dielectric film of this invention prepares 
the substrate which has a crystalline semiconductor layer (a), The process which oxidizes thermally the 
front face of the above-mentioned crystalline semiconductor layer, and forms a thermal oxidation film 
(b), The process (c) which forms the ground layer which consists only of a metallic material on the 
above-mentioned thermal oxidation film, the process (d) which supplies oxygen from the upper part of 
the above-mentioned ground layer, oxidizes in a part of above-mentioned ground layer [ at least ], and 
forms a metal oxidizing zone, and the process (e) which forms a ferroelectric layer on the above- 
mentioned metal oxidizing zone are included. 

[0059] This method enables it to form a thermal oxidation film, a ground layer, and a ferroelectric layer 
in the state where there is almost no counter diffusion, using the good thermal oxidation film of a 
semiconductor layer and concordance. Therefore, the dielectric film suitable for the ferroelectric 
memory device can be formed easily. 

[0060] In the formation method of the 3rd dielectric film of the above, it can carry out simultaneously 
with a process (d) using supply of the oxygen for forming a ferroelectric layer [ in / the above-mentioned 
process (d) / for the above-mentioned process (c) ]. 

[0061] In the formation method of the 3rd dielectric film of the above, it is desirable to form the ground 
layer which consists only of a metallic material chosen from any one at least among Mg, Zr, Y, Ce, and 
Bi at the above-mentioned process (c). 
[0062] 

[Embodiments of the Invention] (1st operation gestalt) Next, it explains, referring to a drawing about the 
1st operation gestalt about the formation method of the dielectric film of this invention, and the 
formation equipment of a dielectric film. 

[0063] Drawing 1 is the cross section showing roughly the structure of the MBE equipment used with 
each operation gestalt of this invention. The vacuum housing 13 for this MBE equipment performing 
MBE growth or membrane formation, as shown in this drawing, the vacuum pump 16 for 
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decompressing the inside of a vacuum housing 13, and Ce02 etc. - with the 1st for forming a thin film, 
and 2nd EB heating evaporator 17a and 17b It has the shutters 1 la and 1 lb for controlling the amount of 
supply of Ce into a vacuum housing 13, and the gas bulb 15 for controlling the amount of supply of the 
oxygen gas into a vacuum housing 13. And the substrate 14 which is a processed material is attached in 
the sample installation section which is not illustrated, and it is constituted so that MBE growth or 
membrane formation may be performed. Here, 1st EB heating evaporator 17a is equipped with 
mechanism 19a for irradiating an electron ray (Electron BeamiEB) and heating it to metal Cel8a, while 
it supports metal Cel8a. 2nd EB heating evaporator 17b is equipped with mechanism 19b for irradiating 
an electron ray and heating it to metallic-material 18b, while it supports metallic-material 18b (for 
example, Mg, Bi, Zr, Y, etc.) which is different in Metal Ce. And it is constituted possible that each EB 
heating evaporators 17a and 17b supply the so-called molecular-beam-like Ce and a metal by operation 
of Shutters 1 1 a and 1 lb. 

[0064] In addition, as for the portion which supports metal Cel8a directly in mechanism 19of 1st EB 
heating evaporator 17a a, it is desirable to be constituted by the carbon (C) used in usual EB equipment 
and not copper (Cu) but the tungsten (W), molybdenum (Mo) or a tantalum (Ta), etc. The reason is as 
follows. The melting point of Cu is before and after 1000 degrees C, and since there are only 100-200- 
degree C margins to the melting point of Ce, when dissolving Ce and evaporating it, there is a 
possibility that Cu may also be dissolved simultaneously and may evaporate. Moreover, it becomes, 
3000-degree-C order and since [ although it is high, ] it is easy to form Ce and a compound, carbon and 
Ce react chemically below 1 000 degrees C, the melting point forms carbide, and carbon has a possibility 
that mechanism 19a may break. Since the melting point is 2000 degrees C or more, respectively, and W, 
Mo, and Ta cannot form Ce and a compound easily to it and both do not produce a chemical reaction in 
the state of the low temperature near the melting point of Ce, it is very stable as a material which 
constitutes the portion which supports metal Cel8a directly. In addition, the same is said of the portion 
which supports metallic-material 18b in mechanism 19of 2nd EB heating evaporator 17b b directly. 
[0065] And it is constituted by opening-and-closing control of Shutters 11a and 1 lb so that it may be 
possible to supply molecular-beam- like the so-called metallic material and so-called Ce. Moreover, it is 
possible to supply oxygen to a vacuum housing 13 individually [ metal Cel8a metallurgy group material 
18b ] continuously by control of the gas bulb 15 with which the vacuum housing 13 was equipped with 
EB heating evaporators 17a and 17b. Moreover, it is also possible to control the amount of supply of 
oxygen in the shape of [ very short / regular ] a pulse. That is, the gas bulb 1 5 is equipped with the 
solenoid valve, it is possible to perform opening and closing of this solenoid valve within in 0.1 seconds, 
and when a solenoid valve is closed, it is possible to suppress the leak rate below to 1x10-5 cc/sec. 
[0066] In addition, although EB heating evaporator was used with this operation form in order to supply 
metal Cel8a and metallic-material 18b, in Mg which vapor pressure can secure enough also at low 
temperature, or Bi, you may use a Knudsen Cell (K-cell) instead of EB heating evaporator. 
[0067] Next, the procedure of MBE is explained. The inside of MBE equipment is always exhausted by 
the vacuum pump 16. By this operation, the contamination adhering to the impurity in Metal Ce and a 
metallic material, the contamination near a front face, and EB heating evaporators 17a and 17b can be 
evaporated. Consequently, it faces actually forming a dielectric film, Ce atom can be supplied in a 
vacuum housing 13 using the metal Ce of a high grade from which most of impurities and 
contaminations were removed, and other metallic materials, and, thereby, it is crystalline good Ce02 
like the after-mentioned. A thin film can be formed. 

[0068] On the other hand, the substrate 14 which is a processed material is prepared as follows. First, 
after the substrate 14 by which the LOCOS film etc. was formed on Si substrate is washed, a substrate 
14 is flooded with the liquid containing hydrogen fluoride (HF) and an ammonium fluoride (NH4 F), 
and immediately after rinsing and drying, it is equipped in the MBE equipment for a crystal growth. At 
this time, the front face of a substrate 14 is a hydrogen (H) atom and very thin Si02 by this operation. It 
is covered by the amorphous layer. In this operation form, although the principal plane of the Si 
substrate 21 is a field (001), you may use Si substrate which has the principal plane of a field (1 1 1), 
other high order field directions, or the field direction that carried out abundance OFF of them. And if 
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the temperature up of the substrate 14 is carried out within MBE equipment to the temperature which is 
100 degrees C - 400 degrees C 5 the moisture and adsorption gas which remain in the front face of a 
substrate 14 will be removed. Then, further, the temperature up of the substrate 14 is carried out, and it 
is held at 800 degrees C - 900 degrees C. H atom and thin Si02 which were wearing the front face of a 
substrate 14 at this time It is desorbed also from an amorphous layer and the pure and smooth field of a 
substrate 14 is exposed into a vacuum housing 13. 

[0069] Drawing 2 (a) - (c) oxidizes these, after carrying out the laminating of Mg and Ce which are a 
metallic material in this operation gestalt on Si substrate, and it is Ce02. It is drawing for explaining the 
process which forms a film. 

[0070] If 2nd EB heating evaporator 17b shown in drawing 1 and 1st EB heating evaporator 17a are 
operated one by one and Mg and Ce which are a metallic material are supplied in a vacuum housing 13, 
as shown in drawing 2 (a), the Mg layer 22 of a single crystal and the Ce layer 23 will be continued and 
formed on the Si substrate 21, respectively. It is desired for each thickness of the Mg layer 22 and the Ce 
layer 23 to be so thin that it able to transmit the information on the crystal lattice of the Si substrate 21 
up enough. As for the thickness of the Mg layer 22 and the Ce layer 23, specifically, it is desirable that it 
is below 5A (four atomic layers). 

[0071] Then, when the gas bulb 15 shown in drawing 1 is opened, it is 02 on the Ce layer 23. A 
molecule 24 is supplied. This 02 Since it permeates in the Ce layer 23 and is spread, as it is first shown 
in drawing 2 (b), Ce of the Ce layer 23 oxidizes, and a molecule 24 (or atom) is Ce02. A layer 25 is 
formed. 02 It is Ce02 as oxidization by the molecule 24 is shown in drawing 2 (b), without carrying out 
to the method of the back. It is 02 to the grade in which only a layer 25 is formed. It is also possible to 
control the amount of supply of a molecule 24. 

[0072] However, at an actual process, it is Ce02. It is common to oxidize superfluously in order to 
prevent the oxygen omission from a layer 25. Moreover, formed Ce02 25 is a layer02. There is a 
property very to be easy to pass a molecule 24. Consequently, it is Ce02 as shown in drawing 2 (c). Mg 
in the Mg layer 22 which is directly under a layer 25 also oxidizes, and the MgO layer 26 is formed. 
Compatibility of Mg with oxygen is higher than Si, and it is hard here, to pass oxygen. Therefore, it 
cannot hardly be, the front face of the Si substrate 21 oxidizes, and it is Si02 that oxygen reaches to the 
front face of the Si substrate 21. There is almost no possibility of saying that it is formed. 
[0073] According to the formation method of this operation gestalt, it is 02 after forming previously the 
Mg layer 22 and the Ce layer 23 which have first the crystal structure which imitated the crystal 
structure of the Si substrate 21. A molecule 24 is supplied and it is Ce02. Since a layer 25 is formed, it 
is Ce02. It has the crystal structure to which the layer 25 also imitated the crystal structure of the Si 
substrate 21. Ce02 which has good crystallinity with this operation gestalt since Si substrate is used as 
an Si substrate 21 (001) (001) A film 25 is formed. As already explained, it is 02 like the above- 
mentioned conventional manufacture method. It is Ce02 when a molecule and Ce atom grow epitaxially 
on the conditions supplied simultaneously. The crystal growth in the field (01 1) of a crystal tends to 
happen. However, Ce02 with which Ce atom and O atom coexist in a common lattice plane as shown in 
drawing 12 even if it will oxidize Ce in the Ce layer 23 after that, if the Ce layer 23 which imitated the 
crystal structure of Si substrate previously (001) is formed like this operation gestalt (01 1) A film is not 
formed. That is, Ce02 which has high crystallinity without a double domain according to this operation 
gestalt (001) Ce02 which consists of a film A layer 25 can be formed easily. Namely, crystalline good 
Ce02 with high (about 29) and specific inductive capacity which can be used also as a buffer layer of a 
ferroelectric layer [ in / as a gate insulator layer of an MIS device / FeRAM etc. ] A layer can be 
obtained. 

[0074] Moreover, since the Mg layer 22 which is hard to pass oxygen is formed as a ground metal layer 
of the Ce layer 23, it is Si02 with small specific inductive capacity by oxidization of the Si substrate 21. 
It can suppress that a layer (specific inductive capacity 3.9 [ about ]) is formed. And the crystalline good 
MgO layer with high (about 9.7) and specific inductive capacity which can be used also as a buffer layer 
of a ferroelectric layer [ in / as a gate insulator layer of an MIS device / FeRAM etc. ] can be obtained. 
[0075] In addition, in this operation gestalt, Si substrate is used as an Si substrate 21 (001), and it is CeO 
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(001) 2 on the Si substrate 21. Ce02 which consists of a film Although explained taking the case of the 
case where a layer 25 is formed, you may use Si substrate as an Si substrate 21 (1 1 1). In this case, it is 
CeO(l 1 1) 2 on Si (1 1 1) substrate. A film will be formed. 

[0076] (2nd operation gestalt) Next, the 2nd operation gestalt of this invention is explained, a book — 
operation — a gestalt - also setting the - one - operation - a gestalt - the same — < — A HREF = - 
_ « /__ Tokujitu/tjitemdrw - . - ipdl?N - 0000 = - 239 — & — N - 0500 - = - one -- E_N - /--; ~ 
>_<_?- 88 ->-?- = - /-- /-- /-- & - N - 0001 - = - 247 — & — N - 0552 - = - nine However, 
also in this operation gestalt, you may use a Knudsen Cell (K-cell) instead of EB heating evaporators 
17a and 17b shown in drawing 1 as equipment for supplying metal Ce metallurgy group material. 
[0077] Next, Ce02 in this operation gestalt The membranous formation method is explained. The 
procedure of preparing Si substrate in advance of MBE growth is as the operation gestalt of the above 
1st having explained. 

[0078] Drawing 3 (a) - (c) oxidizes these, after carrying out the laminating of Bi and Ce which are a 
metallic material in this operation gestalt on Si substrate, and it is Ce02. It is drawing for explaining the 
process which forms a film. 

[0079] If 2nd EB heating evaporator 17b shown in drawing 1 and 1st EB heating evaporator 17a are 
operated one by one and Bi and Ce which are a metallic material are supplied in a vacuum housing 13, 
as shown in drawing 3 (a), the Bi layer 28 of a single crystal and the Ce layer 23 will be continued and 
formed on the Si substrate 21, respectively. It is desired for each thickness of the Bi layer 28 and the Ce 
layer 23 to be so thin that it able to transmit the information on the crystal lattice of the Si substrate 21 
up enough. As for the thickness of the Bi layer 28 and the Ce layer 23, specifically, it is desirable that it 
is below 5 A (four atomic layers). 

[0080] Then, when the gas bulb 15 shown in drawing 1 is opened, it is 02 on the Ce layer 23. A 
molecule 24 is supplied. This 02 Since it permeates in the Ce layer 23 and is spread, as it is first shown 
in drawing 3 (b), Ce of the Ce layer 23 oxidizes, and a molecule 24 (or atom) is Ce02. A layer 25 is 
formed. 02 It is Ce02 as oxidization by the molecule 24 is shown in drawing 3 (b), without carrying out 
to the method of the back. It is 02 to the grade in which only a layer 25 is formed. It is also possible to 
control the amount of supply of a molecule 24. 

[0081] However, at an actual process, it is Ce02. It is common to oxidize superfluously in order to 
prevent the oxygen omission from a layer 25. Moreover, formed Ce02 25 is a layer02. There is a 
property very to be easy to pass a molecule 24. Consequently, it is Ce02 as shown in drawing 3 (c). The 
whole inside of the Bi layer 28 which is directly under a layer 25, or a part of Bi(s) also oxidize. At this 
time, there are two kinds of forms among the forms according to which Bi oxidizes. 
[0082] It is the case where Bi reacts only with oxygen with one form, and is Bi 203 in this case. It is 
formed. Compatibility of Bi with oxygen is higher than Si, and it is hard here, to pass oxygen. 
Therefore, it cannot hardly be, the front face of the Si substrate 21 oxidizes, and it is Si02 that oxygen 
reaches to the front face of the Si substrate 21. There is almost no possibility of saying that it is formed. 
[0083] Moreover, as it is the case where Bi reacts with both oxygen (O) and Si and is shown in drawin g 
3 (c) in this case with another form, it is the silicic acid compound 5, i.e., Bi2 SiO. Bi2 SiOS which 
consists of a crystalline A layer 29 is formed. Bi2 Si05 Si02 It differs and the crystalline high crystal 
structure is easily formed on the Si substrate 21. This Bi2 Si05 The crystal structure is a cubic and 
common in the structure of Si single crystal which is the diamond cubic structure. And while oxygen 
diffused the inside of thin Bi layer since oxygen was supplied, once it formed Bi layer and Ce layer, 
where the maximum front face of Si substrate is also involved in, it is Bi2 Si05. A crystal grows. In 
other words, it is Bi2Si05. Also below a layer 29 grows and is formed. And Si02 You may think that it 
is not formed. Furthermore, since the Bi layer 28 and the Si substrate 21 react by the interface when the 
Bi layer 28 is formed, termination of the suspension uncombined hand (dangling bond) which existed in 
the interface is carried out, and it can make interface ranking density small two or less [ 3x1 01 0cm - ]. 
[0084] The oxidization form of two kinds of above Bi layers 28 can be chosen by adjusting membrane 
formation conditions. This membrane formation condition is mainly substrate temperature and an 
oxygen supply. 
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[0085] According to the formation method of this operation form, it is 02 after forming previously the 
Bi layer 28 and the Ce layer 23 which have first the crystal structure which imitated the crystal structure 
of the Si substrate 21 . A molecule 24 is supplied and it is Ce02. Since a layer 25 is formed, it is Ce02. 
It has the crystal structure to which the layer 25 also imitated the crystal structure of the Si substrate 21 . 
Ce02 which has good crystallinity with this operation form since Si substrate is used as an Si substrate 
21 (001) (001) Ce02 which is a film A layer 25 is formed. As already explained, it is 02 like the above- 
mentioned conventional manufacture method. It is Ce02 when a molecule and Ce atom grow epitaxially 
on the conditions supplied simultaneously. The crystal growth in the field (01 1) of a crystal tends to 
happen. However, Ce02 with which Ce atom and O atom coexist in a common lattice plane as shown in 
drawing 12 even if it will oxidize Ce in the Ce layer 23 after that, if the Ce layer 23 which imitated the 
crystal structure of Si substrate previously (001) is formed like this operation form (01 1) A film is not 
formed. That is, Ce02 which has high crystallinity without a double domain according to this operation 
form (001) Ce02 which consists of a film A layer 25 can be formed easily. Namely, crystalline good 
Ce02 with high (about 29) and specific inductive capacity which can be used also as a buffer layer of a 
ferroelectric layer [ in / as a gate insulator layer of an MIS device / FeRAM etc. ] A layer can be 
obtained. 

[0086] Moreover, Si02 by oxidization of the Si substrate 21 since the Bi layer 28 which is hard to pass 
oxygen is formed as a ground metal layer of the Ce layer 23 It can suppress that a layer is formed. And 
crystalline good Bi02 with high and specific inductive capacity which can be used also as a buffer layer 
of a ferroelectric layer [ in / as a gate insulator layer of an MIS device / ****** RAM etc. ] A layer or 
Bi2 SiOS A layer can be obtained. 

[0087] It is Bi2 SiOS between two especially above-mentioned oxidization gestalten. It is good Bi2 
SiOS of compatibility with the Si substrate 21 of the cubic which is the crystal structure which was 
common in Si single crystal which is the diamond cubic structure when a layer 29 was formed. Ce02 
formed on it since a layer 29 is obtained The crystallinity of a layer 23 and dielectric characteristics 
become good. Moreover, crystalline good Zr02 with high and specific inductive capacity which can be 
used also as a buffer layer of a ferroelectric layer A layer can be obtained. 

[0088] In addition, in this operation gestalt, Si substrate is used as an Si substrate 21 (001), and it is CeO 
(001) 2 on the Si substrate 21. Ce02 which consists of a film Although explained taking the case of the 
case where a layer 25 is formed, you may use Si substrate as an Si substrate 21(111). In this case, it is 
CeO(l 1 1) 2 on Si (1 1 1) substrate. A film will be formed. 

[0089] In addition, Bi2 Si05 Since a layer can demonstrate a ferroelectricity, it is also possible to use 
this as a ferroelectric layer. 

[0090] (3rd operation form) Next, the 3rd operation form of this invention is explained. Also in this 
operation form, the manufacturing installation shown in drawing 1 shall be used like the 1st operation 
form. However, also in this operation form, you may use a Knudsen Cell (K-cell) instead of EB heating 
evaporators 17a and 17b shown in drawing 1 as equipment for supplying metal Ce metallurgy group 
material. 

[0091] Next, Ce02 in this operation form The membranous formation method is explained. The 
procedure of preparing Si substrate in advance of MBE growth is as the operation form of the above 1st 
having explained. 

[0092] Drawing 4 (a) - (d) oxidizes these, after carrying out the laminating of Zr and Ce which are a 
metallic material in this operation form on Si substrate, and it is Ce02. It is drawing for explaining the 
process which forms a film. 

[0093] If 2nd EB heating evaporator 17b shown in drawing 1 is operated and Zr which is a metallic 
material is supplied in a vacuum housing 13, as shown in drawing 4 (a), the Zr layer 30 of a single 
crystal will be formed on the Si substrate 21. It is desired for the thickness of the Zr layer 30 to be so 
thin that it able to transmit the information on the crystal lattice of the Si substrate 21 up enough. As for 
the thickness of the Zr layer 30, specifically, it is desirable that it is below 5A (four atomic layers). 
[0094] Then, when the gas bulb 15 shown in drawing 1 is opened, it is 02 on the Ce layer 23. A 
molecule 24 is supplied. This 02 Since it permeates in the Zr layer 30 and is spread, Ce of the Zr layer 
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30 oxidizes, and a molecule 24 (or atom) is Zr02. A layer 31 is formed. 

[0095] Then, when 1st EB heating evaporator 17a shown in drawing 1 is operated, as shown in drawin g 
4 (b), the Ce'atom 20 is Zr02. It is supplied on a layer 31. Then, it is Zr02 as shown in drawing 4 (c). 
The Ce layer 23 of a single crystal is formed on a layer 31. It is desired for the thickness of the Ce layer 
23 to be so thin that it able to transmit the information on the crystal lattice of the Si substrate 21 up 
enough. As for the thickness of the Ce layer 23, specifically, it is desirable that it is below 5A (four 
atomic layers). 

[0096] Then, when the gas bulb 15 shown in drawing 1 is opened, it is 02 on the Ce layer 23. A 
molecule 24 is supplied. This 02 Since it permeates in the Ce layer 23 and is spread, as it is shown in 
drawing 4 (d), Ce of the Ce layer 23 oxidizes, and a molecule 24 is Ce02. A layer 25 is formed. 
[0097] According to the formation method of this operation form, the Zr layer 30 with which an atom is 
located in a line is first formed in the position which imitated the crystal structure of the Si substrate 21, 
and it is 02 further. A molecule 24 is supplied and it is Zr02. The layer 31 is formed. This Zr02 A 
crystal has the fluorite type crystal structure and forms the grid which followed the diamond cubic of Si 
single crystal mostly as mentioned above. And the Zr layer 30 is formed previously and it is 02 further. 
A molecule 24 is supplied and it is Zr02. Since a layer 31 is formed, it is Zr02. The layer 31 is carrying 
out grid adjustment mostly at the crystal of the Si substrate 21. Zr02 which has good crystallinity with 
this operation form since Si substrate is used as an Si substrate 21 (001) (001) Zr02 which is a film A 
layer 3 1 is formed. As already explained, it is 02 like the above-mentioned conventional manufacture 
method. It is Ce02 when a molecule and Ce atom grow epitaxially on the conditions supplied 
simultaneously. The crystal growth in the field (01 1) of a crystal tends to happen. Ce02 Zr02 which has 
the same fluorite type crystal structure as a layer It is the same when forming a layer. However, Ce02 
shown in drawing 12 even if it will oxidize Ce in the Zr layer 30 after that, if the Zr layer 30 which 
imitated the crystal structure of Si substrate previously (001) is formed like this operation form Zr02 
which has a double domain like a crystal (01 1) A layer is not formed. That is, Zr02 which has high 
crystallinity without a double domain according to this operation form (001) Zr02 which consists of a 
film A layer 31 can be formed easily. Namely, crystalline good Zr02 with high (about 12.5) and specific 
inductive capacity which can be used also as a buffer layer of a ferroelectric layer [ in / as a gate 
insulator layer of an MIS device / FeRAM etc. ] A layer can be obtained. 

[0098] And they are the Ce layer 23 and Ce02 on it. Since a layer 25 is formed, even if it does not use 
the metal Ce which is the material which is hard to deal with it, it is crystalline good (001) Ce02 easily. 
Ce02 which consists of a film A layer 25 can be formed. Namely, crystalline good Ce02 with high 
(about 29) and specific inductive capacity which can be used also as a buffer layer of a ferroelectric 
layer [ in / as a gate insulator layer of an MIS device / FeRAM etc. ] A layer can be obtained. 
[0099] Moreover, the Zr layer 30 is Si02 by oxidization of the Si substrate 21 since it has the property 
to be hard to pass oxygen. It can suppress that a layer is formed. 

[0100] In addition, in this operation form, Si substrate is used as an Si substrate 21 (001), and it is CeO 
(001) 2 on the Si substrate 21. Ce02 which consists of a film Although explained taking the case of the 
case where a layer 25 is formed, you may use Si substrate as an Si substrate 21 (1 1 1). In this case, it is 
CeO(l 1 1) 2 on Si (1 1 1) substrate. A film will be formed. 

[0101] (The 1- deformation form in the 3rd operation form) above-mentioned the 1- the 3rd operation 
form ~ setting - Ce02 In case a layer is formed, even if it does not carry out the laminating of Ce layer 
and the O layers by turns, you may supply simultaneously. 

[0102] Moreover, the Si substrate 21 and Ce02 As a metallic material which constitutes the ground 
layer made to intervene between layers 25, it replaces with Mg, Bi, and Zr, Y (yttrium) is used, and it is 
Y layers and Y2 03. You may form a layer. 

[0103] Moreover, the MgO layer which consists of Mg layer, Bi layer, Zr layer, Y layers, or these 
oxides as a ground layer and Bi 203 A layer and Zr02 A layer and Y2 03 You may form the cascade 
screen which combined the two or more layers layer etc. 

[0104] (4th operation form) Next, the 4th operation form of this invention is explained. Here, in this 
operation form and the following operation forms, the example which prepared the ferroelectric layer on 
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the dielectric layer with high specific inductive capacity is explained. 

[0105] Also in this operation form, the manufacturing installation shown in drawing 1 shall be used like 
the 1st operation form. However, also in this operation form, you may use a Knudsen Cell (K-cell) 
instead of EB heating evaporators 17a and 17b shown in drawing 1 as equipment for supplying the 
metallic material which constitutes Metal Ce and a ferroelectric film. Moreover, only the number of 
kinds of the metal with which EB heating apparatus 17b for forming a ferroelectric film and a Knudsen 
Cell constitute a ferroelectric film shall be prepared. 

[0106] Also in this operation form, the procedure of preparing Si substrate in advance of MBE growth is 
as the operation form of the above 1st having explained. 

[0107] Drawing 5 (a) and (b) are Ce02 in this operation form. It is drawing showing two examples of 
structure at the time of preparing a ferroelectric layer on a layer. 

[0108] Ce02 which is the buffer layer which consists of a dielectric with high specific inductive 
capacity on the pure front face of the smooth Si substrate 21 in the structure shown in drawing 5 (a) The 
layer 25 and the ferroelectric layer 41 are formed. Although the ferroelectric layer 41 consists of 
PbLaTiOx (the so-called PLT) and PbZrTiOx (the so-called PZT), the ferroelectric film which has other 
crystallinity can be used for it. Ce02 which has high crystallinity by the method indicated by above- 
mentioned Japanese Patent Application No. No. 171352 [ 1 1 to ] in the structure shown in drawing 5 (a) 
so that it might mention later The layer 25 is formed as a buffer layer of the ferroelectric layer 41 . 
Therefore, it has the crystalline or high stacking tendency also with the high ferroelectric layer 41 . 
However, the crystal structure of the ferroelectric layer 41 which consists of PLT or PZT is not 
necessarily Ce02. Since it is not so common as the crystal structure of a layer 25 and lattice constants 
also differ, they are the ferroelectric layer 41 and Ce02. In the interface between layers 25, both atom 
does not form a perfect combination. That is, the ferroelectric layer 41 is Ce02 although it does not 
necessarily have the single crystal structure covering the large range. In response to the influence of the 
crystal structure of a layer 25, it has the high stacking tendency [ say / that the specific crystallographic 
axis (for example, c axis) has turned to the direction perpendicular to a substrate side ] in the whole 
ferroelectric layer 41. Therefore, although the direction of a crystallographic axis is in the polycrystal 
state divided into some domains shifted little by little, if it has gathered in the direction with the 
direction where an especially large direction (direction which a remanence state produces) is 
perpendicular to a substrate side or the specific angle of ferroelectric nature, the ferroelectric layer 41 
can secure the big amount of remanences, or can demonstrate uniform strong dielectric characteristics. 
[0109] Moreover, drawing 5 (b) is Ce02. It is drawing showing structure when the Ce layer 23 
intervenes between a layer 25 and the Si substrate 21. Such structure is formed by oxidizing partially the 
Ce layer 23 which supplied oxygen and Ce by turns or was deposited previously, after carrying out the 
number atomic-layer (they are three atomic layers when shown in drawing 5 (b)) deposition of the Ce 
layer at the beginning. Also in this case, when elements, such as semiconductor memory, are formed 
using this substrate after that, the Ce layer 23 does not have a bad influence on the electric and 
mechanical property of an element. 

[0110] CeO [ in / this operation form / here ]2 or the formation method of a layer is based on the method 
indicated by Japanese Patent Application No. No. 171352 / 1 1 to / — above-mentioned the 1- it is based 
on the method indicated by the 3rd operation form It is Ce02 which forms the monoatomic layer by 
MEE mode by turns, for example, (001) does not specifically have a double domain with sufficient 
crystallinity on Si substrate by depositing an oxygen atomic layer after depositing one atomic layer of 
Ce first on Si substrate using Metal Ce (001). A layer can be formed. Moreover, it is Ce02 by supplying 
only Metal Ce previously, and supplying oxygen, after forming Ce film of a number atomic layer. You 
may form a layer. Furthermore, oxygen required at the time of formation of a ferroelectric film can 
perform supply of this oxygen so that the 6th operation form may explain. That is, it is Ce by forming a 
ferroelectric layer on Ce layer Ce02 It can be made a layer. Since Ce is easy to pass oxygen, the latter 
method is effective. 

[0111] Moreover, since it is easily realizable if the formation method of the ferroelectric film by the 
MBE method used as common knowledge technology is used, the ferroelectric layer 41 in this operation 
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form omits the explanation about the formation method here. 

[0112] According to the dielectric film equipped with the ferroelectric layer 41 of this operation form, it 
is Ce02 as a buffer layer with high specific inductive capacity. Since the capacity per unit area is highly 
maintainable even if it thickens thickness of a buffer layer by forming the ferroelectric layer 41 on a 
layer 25, it becomes possible to prevent effectively generating of the leakage current resulting from the 
thickness of a buffer layer being thin etc. Moreover, crystalline good Ce02 A layer 25 is formed and it 
is this Ce02. Since the ferroelectric layer 41 is formed on a layer 25, it has a high stacking tendency and 
the ferroelectric layer 41 with little dispersion in strong dielectric characteristics can be formed greatly 
[ aremanence ]. 

[0113] It is Si02 with low specific inductive capacity in that case. Since a layer was hardly formed, 
when an electrode is prepared above a ferroelectric layer and voltage is impressed between electrode- 
substrates, it is Si02 with a low dielectric constant. Fault to which the voltage which the distribution of 
applied voltage to a layer increases and is substantially impressed to a ferroelectric layer becomes small 
can be suppressed. 

[0114] (5 th operation gestalt) Next, the 5th operation gestalt of this invention is explained. Also in this 
operation gestalt, the manufacturing installation shown in drawing 1 shall be used like the 1st operation 
gestalt. However, also in this operation gestalt, you may use a Knudsen Cell (K-cell) instead of EB 
heating evaporators 17a and 17b shown in drawing 1 as equipment for supplying the metallic material 
which constitutes Metal Ce and a ferroelectric film. Moreover, only the number of kinds of the metal 
with which EB heating apparatus 17b for forming a ferroelectric film and a Knudsen Cell constitute a 
ferroelectric film shall be prepared. 

[01 15] Also in this operation gestalt, the procedure of preparing Si substrate in advance of MBE growth 
is as the operation gestalt of the above 1st having explained. 

[0116] Drawing 6 (a) and (b) are drawings showing two examples of structure at the time of preparing a 
ferroelectric layer on the MgO layer in this operation gestalt. 

[01 17] In the structure shown in drawing 6 (a), the MgO layer 26 which is a buffer layer which consists 
of a dielectric with high specific inductive capacity, and the ferroelectric layer 41 are formed on the pure 
front face of the smooth Si substrate 21. Although the ferroelectric layer 41 consists of PbLaTiOx (the 
so-called PLT) and PbZrTiOx (the so-called PZT), the ferroelectric film which has other crystallinity 
can be used for it. In the structure shown in drawing 6 (a), the MgO layer 26 which has high crystallinity 
is formed as a buffer layer of the ferroelectric layer 41 by the method indicated by the operation gestalt 
of the above 1st. Therefore, it has the crystalline or high stacking tendency also with the high 
ferroelectric layer 41. However, since the crystal structure of the ferroelectric layer 41 which consists of 
PLT or PZT is not necessarily so common as the crystal structure of the MgO layer 26 and lattice 
constants also differ, in the interface between the ferroelectric layer 41 and the MgO layer 26, both atom 
does not form a perfect combination. This is the same as that of the operation gestalt of the above 4th. 
That is, although the ferroelectric layer 41 does not necessarily have the single crystal structure covering 
the latus range, it has the high stacking tendency [ say / that the specific crystallographic axis (for 
example, c axis) has turned to the direction perpendicular to a substrate side ] in the whole ferroelectric 
layer 41 in response to the influence of the crystal structure of the MgO layer 26. Therefore, although 
the direction of a crystallographic axis is in the polycrystal state divided into some domains shifted little 
by little, if it has gathered in the direction with the direction where an especially large direction 
(direction which a remanence state produces) is perpendicular to a substrate side or the specific angle of 
ferroelectric nature, the ferroelectric layer 41 can secure the big amount of remanences, or can 
demonstrate uniform strong dielectric characteristics. 

[01 18] Moreover, drawing 5 (b) is drawing showing structure when the Mg layer 22 intervenes between 
the MgO layer 26 and the Si substrate 21. Such structure is 02. It is formed by controlling the amount of 
supply of a molecule 24 to the grade to which the Mg layer 22 whole does not oxidize. In this case, 
when elements, such as semiconductor memory, are formed using this substrate after that, the Mg layer 
22 does not have a bad influence on the electric and mechanical property of an element. 
[01 19] It is 02, as only the Mg layer 22 is formed here, without establishing the process which forms the 
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Ce layer 23 in the process shown, for example in drawing 2 (a) in the 1 st operation gestalt as the 
formation method of the MgO layer in this operation gestalt and it is shown in drawing 2 (b) after that. 
The method of supplying a molecule 24 can be used. Moreover, in case the ferroelectric layer 41 is 
formed so that the 6th operation gestalt may explain, using required oxygen, it can oxidize and Mg layer 
can also be used as a MgO layer. 

[0120] Moreover, since formation of the ferroelectric film in this operation gestalt should just use the 
formation method of the ferroelectric film by the MBE method used as common knowledge technology, 
the explanation about the formation method here is omitted. 

[0121] Since according to the structure equipped with the ferroelectric layer 41 of this operation gestalt a 
required dielectric constant is maintainable even if specific inductive capacity thickens thickness of a 
buffer layer by forming the ferroelectric layer 41 about 9.7 and on the MgO layer 26 as a high buffer 
layer, it becomes possible to prevent effectively generating of the leakage current resulting from the 
thickness of a buffer layer being thin etc. Moreover, since the crystalline good MgO layer 26 is formed 
and the ferroelectric layer 41 is formed on this MgO layer 26, it has a high stacking tendency and the 
ferroelectric layer 41 with little dispersion in strong dielectric characteristics can be formed greatly [ a 
remanence J. 

[0122] It is Si02 with low specific inductive capacity in that case. Since a layer was hardly formed, 
when an electrode is prepared above a ferroelectric layer and voltage is impressed between electrode- 
substrates, it is Si02 with a low dielectric constant. Fault to which the voltage which the partition ratio 
of applied voltage to a layer increases, and is substantially impressed to a ferroelectric layer becomes 
small can be suppressed. 

[0123] (6th operation form) Next, the 6th operation form of this invention is explained. Here, it sets in 
this operation form and the following operation form, and is Si02. The example which formed the high 
dielectric layer and ferroelectric layer of specific inductive capacity one by one on the layer is explained. 

[0124] Also in this operation form, the manufacturing installation shown in drawing 1 shall be used like 
the 1st operation form. However, also in this operation form, you may use a Knudsen Cell (K-cell) 
instead of EB heating evaporators 17a and 17b shown in drawing 1 as equipment for supplying the 
metallic material which constitutes Metal Ce and a ferroelectric film. Moreover, only the number of 
kinds of the metal with which EB heating apparatus 17b for forming a ferroelectric film and a Knudsen 
Cell constitute a ferroelectric film shall be prepared. 

[0125] Also in this operation form, the procedure of preparing Si substrate in advance of MBE growth is 
as the operation form of the above 1st having explained. 

[0126] Drawing 7 (a) - (d) is Si02 in this operation form. On a layer, it is Zr02. It is drawing showing 
the procedure which forms a layer and a ferroelectric layer. 

[0127] Si02 which consists of an amorphous silicon oxide by the oxidizing [ thermally ] method on the 
pure front face of the smooth Si substrate 21 in front of the process shown in drawing 7 (a) A layer 35 is 
formed. Si02 The thickness of a layer 35 can be chosen according to the property required of a device, 
and is usually 0.5-20nm. Although it is desirable that it is a field (001) as for the front face of the Si 
substrate 21, you shall be a field (111), other high order fields, or the field that made them turn off 
several degrees. Then, it is Si02 by introducing in the chamber of an ultra-high vacuum and heating at 
100-400 degrees C. The moisture and gas which remain on the front face of a layer 35 are removed. 
[0128] Next, it is Si02 as shown in drawing 7 (a). When the Zr atom 32 is supplied on a layer 35, it is 
Si02 of amorphous structure. The Zr atom 32 which arrived at the front face of a layer 35 is Si02. It is 
spread along the front face of a layer 35, it distributes to homogeneity mostly in a field, and a stable state 
is reached. That is, Si02 The Zr layer 30 which consists only of a Zr atom is formed on a layer 35. This 
Zr layer 30 has amorphous structure or polycrystal structure. 

[0129] Next, metal atom 42 andO(for example, Pb, La, Ti, etc. which constitute PLT) 2 for constituting 
a ferroelectric layer on the Zr layer 30, as shown in drawing 7 (b) A molecule 24 is supplied. 
[0130] Then, although the ferroelectric layer 41 is formed as shown in drawing 7 (c), it is 02 at this 
time. Only a molecule 24 diffuses the inside of the Zr layer 30, solid phase crystallization of the Zr layer 
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30 is made to produce, and it is Zr02. A layer 31 is formed. 

[0131] Consequently, it is Zr02 as shown in drawing 7 (d). The ferroelectric layer 41 will be formed on 
a layer 31. 

[0132] Since formation of the ferroelectric film in this operation form should just use the formation 
method of the ferroelectric film by the MBE method used as common knowledge technology, the 
explanation about the formation method here is omitted. 

[0133] According to the manufacture method of this operation form, it is Si02 of amorphous structure. 
Si02 after forming a layer 35 02 [ required after forming the Zr layer 30 on a layer 35, in case a 
ferroelectric layer is formed ] A molecule 24 (or atom) is diffused in the Zr layer 30, solid phase 
crystallization by oxidization of Zr is used, and it is Zr02. A layer 31 is formed. Therefore, there is an 
advantage that the high ferroelectric layer 41 of a stacking tendency can be formed, without using 
difficult technology especially on manufacture. 

[0134] In addition, 02 shown in drawing 7 (b) You may supply simultaneously with the metal atom 42 
for constituting a ferroelectric layer, it is preceded, and a molecule 24 is 02. A molecule is supplied to 
the Zr layer 30 and it is Zr02 previously. After forming a layer, you may form a ferroelectric layer on it. 
Moreover, it may replace with Si (001) substrate and Si (1 1 1) substrate may be used. 
[0135] Drawing 8 (a) and (b) are Si02 formed by the manufacture method of this operation form. A 
layer and Zr02 It is drawing showing the laminated structure (dielectric film) of a layer and a 
ferroelectric layer. 

[0136] Drawing 8 (a) is Si02 of amorphous structure on the Si substrate 21 . A layer 35 and Zr02 of the 
crystal structure A layer 25 and the ferroelectric layer 41 which has a high stacking tendency are 
drawings showing the state where the laminating was carried out one by one. Moreover, drawing 8 (b) is 
drawing showing the state of remaining without the whole Zr layer 30 oxidizing while the part has been 
the Zr layer 30. Zr02 by which solid phase crystallization was carried out in the high stacking tendency 
of the ferroelectric layer 41 also in the structure shown in drawing 8 (b) Since it is realizable with a layer 
31, the fault in a device property is not produced. 

[0137] Next, drawing 9 is the duplicated drawing of the cross-section transverse-electromagnetic image 
obtained as a result of photoing the cross section of the laminated structure (dielectric film) formed by 
the manufacture method of the 6th operation form with a transmission electron microscope (transverse 
electromagnetic). The P type Si substrate which has a field (001) as an Si substrate is used. Si02 The 
thickness of a layer is lOnm and is Zr02. The thickness of a layer is about 9nm. This Zr02 A layer is 
Si02 of amorphous structure. It is obtained, as a result of carrying out solid phase crystallization of the 
Zr layer by supply of the oxygen for forming a ferroelectric layer, after thickness formed on the layer Zr 
layer which is 3nm. Moreover, Zr02 It turns out that the PLT layer (PbLaTiOx layer) which is a 
ferroelectric layer is formed on a layer. 

[0138] Here, the point which should be noted in drawing 9 is Si substrate and Si02. An interface with a 
layer, and Si02 A layer and Zr02 An interface with a layer is very flat respectively, and it is the point 
currently formed vividly, without crossing mutually. Moreover, it is checked that there is very little 
diffusion of the atom from the component analysis by the EPMA (Electron Probe Microanalysis:electron 
ray probe micro analysis) analysis apparatus to other layers [ each class ]. And it turns out that the strong 
dielectric characteristics obtained from this laminated structure (dielectric film) are also good. 
[0139] On the other hand, drawing 10 is Si02 instead of forming the Zr layer 30 as shown in drawing 7 
(b) unlike the manufacture method in the 6th operation form. It is a direct Zr atom and 02 on a layer. By 
supplying a molecule Zr02 The metal atom and 02 which constitute a ferroelectric layer after forming a 
layer It is drawing in which supplying a molecule and showing the cross-section transverse- 
electromagnetic image of the obtained laminated structure (dielectric film). 

[0140] The point which should be noted in drawing 10 is Si02 clearly separated between Si substrate 
and the PLT layer which is a ferroelectric layer. A layer and Zr02 It is that the dissolution layer which a 
layer is not observed, instead intervenes widely among both is seen. 

[0141] That is, the laminated structure (dielectric film) shown in drawing 10 to forming the laminated 
structure of Zr/Si02 / Si first in the 6th operation form is the metal atom which constitutes a ferroelectric 
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layer after forming the laminated structure of Zr02/Si02 / Si first, and 02. The molecule is supplied. 
Consequently, Si02 of the amorphous structure formed first A layer disappears, and the dissolution 
layer is formed when Si, Zr, O, and the metal atoms Pb, La, and Ti that constitute a ferroelectric spread 
and dissolve mutually. And the interface of this dissolution layer and Si substrate and the interface of a 
dissolution layer and a PLT layer cross mutually, and are indistinct. [ of the position of a field side ] 
Furthermore, curving evenly [ the configuration of the interface itself] and greatly is observed. In 
addition, it is observed that Pb and Zr are spread in Si substrate also from analysis by EPMA, and it is in 
the state where there is fault in application to an electron device. And it turns out that sufficiently high 
strong dielectric characteristics are not obtained, either. 

[0142] That is, it is Zr02 with high specific inductive capacity as a buffer layer of a ferroelectric layer 
by the manufacture method of the 6th operation form. Si02 with the high compatibility of a layer and Si 
substrate It turns out that it is easy to prepare a layer. And Si02 with low (about 3.9) specific inductive 
capacity It turns out that the fall of the amount of remanences as the whole device can be suppressed as a 
very thin film although a layer exists, and devices, such as FeRAM which can demonstrate the high 
amount of remanences, can be formed. 

[0143] Moreover, Zr02 with high (about 12.5) specific inductive capacity Since the specific inductive 
capacity as the whole buffer layer is highly maintainable in a layer existing even if it enlarges thickness 
of a buffer layer, the ferroelectric random-access memory which has the large buffer layer of the 
destructive pressure-proofing with a small leakage current is obtained. 

[0144] the above 4th and the 5th operation form — the 1- the MgO layer formed in the 3rd operation 
form, and Bi 203 A layer and Zr02 A layer and Y2 03 A layer etc. and Ce02 You may use a cascade 
screen with a layer as a buffer layer. 
[0145] 

[Effect of the Invention] It is crystalline high Ce02, suppressing formation of the thermal oxidation film 
of a semiconductor layer by supplying oxygen according to the 1st - the 3rd dielectric film, or these 
formation methods of this invention, after carrying out the laminating of the ground layer and Ce layer 
which consist of metallic materials, such as Mg, Zr, and Bi. A dielectric film with high specific 
inductive capacity can be obtained using obtaining. 

[0146] According to the 4th of this invention, the 5th dielectric film, or these formation methods, after 
forming the ground layer which consists of a metallic material on a semiconductor layer or its oxide 
film, in case a ferroelectric film is formed, the dielectric film which has a ferroelectric layer with the 
high, large amount of remanences of a stacking tendency can be obtained by oxidizing a ground layer 
separately. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] In recent years, there is a remarkable thing in progress of detailed-izing of 
the C-MOS device formed on Si substrate, and integration. And thin film-ization of the gate insulator 
layer which constitutes a part of MOSFET in connection with it is also demanded strongly. It is based on 
the following reasons that thin film-ization of a gate insulator layer is demanded. 
[0003] First, although operating voltage is continuing falling aiming at power saving, the amount of 
charges required for element operation is simultaneously regularity, and is not reduced so much. By the 
relation of Q=valve flow coefficient (the amount of Qxharges, C:electrostatic capacity, V:voltage), 
though the amount Q of charges is simultaneously regularity, in order for voltage V to continue falling, 
the electrostatic capacity C which can be held to a gate insulator layer must be raised. Since it is C= 
(epsilonr -S)/d (epsilonr : S: capacitor area, d: specific inductive capacity, electrode spacing), in order to 
increase electrostatic capacity C here, it is Si02 first now. It is realizable by making thin thickness d of 
the gate insulator layer constituted. Therefore, at present, thin film-ization of the gate insulator layer of 
lOnm - 15nm or lOnm or less is tried. 

[0004] However, when thin film-ization of a gate insulator layer was advanced, a possibility that the 
fault of aggravation of destructive pressure-proofing of a gate insulator layer and increase of a leakage 
current might arise came out. 

[0005] Then, recently, specific inductive capacity is about 3.9 Si02 about a gate insulator layer. High 
specific-inductive-capacity epsilonr It has and, moreover, they are other electrical properties Si02. It is 
searched for the insulator layer material which has the property which is not inferior. Namely, specific- 
inductive-capacity epsilonr It is because the required amount Q of charges can be held even if low- 
battery-ized since electrostatic capacity C is highly maintainable even if it makes thickness d to some 
extent thick by making it high. Si02 [ present from such a viewpoint ] A performance equivalent to a 
gate insulator layer can be obtained, and it has high specific inductive capacity and destructive pressure- 
proofing, and the formation method of a up to [ Si substrate of the insulator layer which interface level 
and a leakage current become from a small new insulating material ] is being considered. 
[0006] Moreover, it is Si02 on [ from another request ] Si substrate. The attempt which forms the 
insulator layer by different insulator material is also made. For example, research aiming at realizing the 
transistor which has a memory effect in the gate of a field effect transistor using a thin film with a 
ferroelectricity is shown to the 1st reference "JAPAN JOURNAL OF APPLIED PHYSICS 35 and 
4987" (1996) by the example currently indicated. As one of the examination of the, formation of the thin 
film (PZT film) which consists of PbZrl-x Tix 03 with a ferroelectricity (PZT) is tried here, however - 
since this PZT film is difficult to form on a direct Si substrate ~ between a PZT film and Si substrates - 
Ce02 etc. - from - the laminating of the insulator layer used as the becoming buffer layer is carried out 

[0007] Moreover, as well as the above-mentioned gate insulator layer in order to form the dielectric (for 
example, superconductor) film of others including ferroelectric material on Si substrate, specific 
inductive capacity and destructive pressure-proofing are high, and the formation method of a up to [ Si 
substrate of the new insulating body membrane which can realize interface level and the property that a 
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leakage current is small ] is being considered. 

[0008] And it also sets to those examination and is Ce02. A film is one of the insulator material which 
attracts attention very much as a buffer layer. This is based on the following reasons. Ce02 It compares 
with other materials and a lattice constant is near and Ce02 to the lattice constant of Si. It is because the 
rate of grid mismatching with Si has only -0.37% (2= 5.41 1A of aCeO(s), aSi=5.431 A). Furthermore, 
Ce02 The crystal structure is a fluorite type and can build a crystal lattice succeeding Si substrate with a 
diamond structure. That is, it is Ce02 to all atoms being 4 coordination in Si. Although there is 
difference that 4 coordination and Ce atom serve as [ the oxygen atom ] 8 coordination, as for the case, 
in that it is the cubic system based on a face-centered cubic lattice, both crystals are common and can 
carry out the laminating of both the crystals without a breakdown (the percentage of oxygen and Ce is 
2:1). Therefore, it becomes possible to produce a crystalline, very high thin film on Si substrate, and 
further becomes easy to form a ferroelectric film and a superconductor film with crystallinity high in 
piles on it. Moreover, Ce02 Since the specific inductive capacity is as high as 26 order, it is Si02. It is 
made to hit instead, is and also has sufficient possibility as a gate insulator layer material. 
[0009] It is Ce02 on Si substrate besides the 1st reference. Various attempts are performed about 
forming, and when some of the examples of representation are given, there is the following reference. 
[0010] irradiating EB at pellet-like Ce02 sintered compact into the molecular-beam-epitaxy 
(MOLECULAR BEAM EPITAXYiMBE) equipment which equipped the 2nd reference "JAPAN 
JOURNAL OF APPLIED PHYSICS 1765" (1993) with electron ray (ELECTRON BEAM:EB) vacuum 
evaporationo equipment in the example currently indicated — Ce02 it evaporates — making — Si 
substrate top — crystalline high Ce02 The thin film is formed. At this time, it is Ce02. Oxygen gas is 
supplied simultaneously with evaporation and it is Ce02. The crystalline fall by the oxygen deficiency 
of a thin film is prevented. In addition, Ce02 in the 1st above-mentioned reference Membranous 
formation is also performed by the same method as this. 

[001 1] In the example currently indicated by the 3rd reference "JAPAN JOURNAL OF APPLIED 
PHYSICS 270 and 1994", the 1st and the different thin film formation method from the method of the 
2nd reference are used. It is crystalline high Ce02 on Si substrate by carrying out the spatter of the Ce 
atom in a target using the reactive sputtering system which equipped with the target which consists of a 
metal Ce here, supplying oxygen gas, and making Ce and oxygen react on Si substrate. The thin film is 
formed. 

[0012] the method of being further different from the describing [ above ] all directions method in the 
example currently indicated by the 4th reference "APPLIED PHISICS LETTERS 2027" (1991) « Ce02 
The film is formed. Ce02 of the shape of a pellet put on the interior here using the MBE equipment 
which can introduce the excimer laser light by ArF from the exterior This laser beam is irradiated at a 
sintered compact, and it is Ce02. It is crystalline high Ce02 on Si substrate by making it evaporate and 
introducing oxygen gas simultaneously with it. The thin film is formed. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/21/2003 



Page 1 of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing roughly the structure of the MBE equipment used with each 
operation gestalt of this invention. 

[Drawing 2] (a) - (c) oxidizes, after carrying out the laminating of Mg and Ce which are a metallic 
material in the 1st operation gestalt, and it is Ce02. It is drawing for explaining the process which forms 
a film. 

[Drawing 3] (a) - (c) oxidizes, after carrying out the laminating of Bi and Ce which are a metallic 
material in the 2nd operation gestalt, and it is Ce02. It is drawing for explaining the process which 
forms a film. 

[Drawing 4] (a) - (d) oxidizes, after carrying out the laminating of Zr and Ce which are a metallic 
material in the 3rd operation gestalt, and it is Ce02. It is drawing for explaining the process which forms 
a film. 

[Drawing 5] (a) and (b) are Ce02 in the 4th operation gestalt. It is drawing showing two examples of 
structure at the time of preparing a ferroelectric layer on a layer. 

[Drawing 6] (a) and (b) are drawings showing two examples of structure at the time of preparing a 
ferroelectric layer on the MgO layer in the 5th operation gestalt. 

[Drawing 7] (a) - (d) is Si02 in the 6th operation gestalt. On a layer, it is Zr02. It is drawing showing 
the procedure which forms a layer and a ferroelectric layer. 

[Drawing 8] (a) and (b) are drawings showing the laminated structure (dielectric film) of the low 
dielectric film formed by the manufacture method of the 6th operation gestalt, a high dielectric film, and 
a ferroelectric film. 

[Drawing 9] It is the duplicated drawing of the cross-section transverse-electromagnetic image obtained 
as a result of photoing the cross section of the laminated structure (dielectric film) formed by the 
manufacture method of the 6th operation gestalt with a transmission electron microscope (transverse 
electromagnetic). 

[Drawing 10] Si02 It is Zr atom and 02 on a layer. It is Zr02 by supplying a molecule. After forming a 
layer, it is drawing showing the cross-section transverse-electromagnetic image of the laminated 
structure in which the ferroelectric layer was formed. 

[Drawing 11] (100) It is Ce02 on Si substrate. It is the type section view showing the state where two 
kinds of domains of a crystal are formed. 

[Drawing 12] Ce02 to the field (001) top of Si substrate indicated by the 5th reference It is the ** type 
plan showing the epitaxial state of a crystal. 

[Drawing 13] Ce02 indicated by the 5th reference It is the microphotography view which observed the 
state where two domains were intermingled on a film, by the high-resolution scanning tunneling 
microscope, and was obtained. 

[Drawing 14] Ce02 which grows epitaxially, respectively to the field (001), field (111), and (110) field 
of Si substrate indicated by the 6th reference It is the ** type plan showing the direction of a crystal. 
[Description of Notations] 
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1 1 Shutter 

12 K-Cell 

13 Vacuum Housing 

14 Substrate 

15 Gas Bulb 

16 Vacuum Pump 

17a The 1st EB heating evaporator 

17b The 2nd EB heating evaporator 

18a Metal Ce 

18b Metallic material 

19a, 19b Mechanism 

20 Ce Atom 

21 Si Substrate 

22 Mg Layer 

23 Ce Layer 

24 02 Molecule 

25 Ce02 Layer 

26 MgO Layer 

28 Bi Layer 

29 Bi2 SiOS Layer 

30 Zr Layer 

31 Zr02 Layer 

32 Zr Atom 
35 Si02 Layer 

41 Ferroelectric Layer 

42 Metal Atom 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 12] 
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[Drawing 7] 
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[Drawing 13] 
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